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(54) Wechselgetriebe 

(57) Die Erfindung betrifft ein Wechselgetriebe (1) 
mit mehreren wahlbaren Gangstufen und mitzumindest 
einer Antriebswelle (5, 6) und zumindest einer Abtriebs- 
welle (14) auf denen jeweils mehrere Zahnrader (7, 8, 
9,10,11,12,13) und (15, 16,17,18, 19,20,21)gelagert 
sind, wobei jeweils ein Zahnrad (7, 8, 9, 10, 11, 12, 13) 
einer Antriebswelle (5, 6) und ein mit diesem in kam- 
mendem Eingriffstehendes Zahnrad (15, 16, 17, 18, 19, 
20, 21) einer Abtriebswelle (14) ein Zahnradpaar(7, 15; 
8, 16; 9, 17; 10, 18; 11, 19; 12,20; 13, 21) bilden, und 
wobei eine Gangstuf e dadurch f estlegbar ist, in dem bei- 
de Zahnrader eines Zahnradpaares (7, 15; 8, 16; 9, 17; 
10, 18; 11, 19; 12, 20; 13, 21) drehfest auf der Antriebs- 



welle (5, 6) und der Abtriebswelle (14) gelagert werden, 
und jeweils zumindest ein Zahnrad der iibrigen Zahn- 
radpaare(7, 15; 8, 16; 9, 17; 10, 18; 11, 19; 12,20; 13, 
21) drehbarauf einer der Antriebswellen (5, 6) oderAb- 
triebswellan (14) gelagert wird, und wobei ein Zahnrad- 
paar (11,19) ein drehrichtungsabhanglg sperrend gela- 
gertes Zahnrad (1 9) aufweist, welches abhangig davon, 
ob das teilsperrend gelagerte Zahnrad (19) durch die 
Antriebswelle (5, 6) Oder Abtriebswelle (14) oder durch 
das mit ihm in kammendem Eingriff stehende Zahnrad 
(1 1 ) getrieben wird, drehfest mit der Antriebswelle (5, 8) 
Oder Abtriebswelle (1 4) vertmnden ist Oder drehbar auf 
der Antriebs- (5, 6) Oder Abtriebswelle (14) gelagert ist. 
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Beschreibung 

[0001] Die Erfindung betrifft ein Wechselgetriebe ge- 
maf3 dem Oberbegriff des Anspruchs 1 , 
[0002] Die Erfindung geht von einem Wechselgetrie- 
be mit mehreren wahlbaren Gangstufen an sich be- 
kan nter Art aus. Ein solches Wechselgetriebe weist eine 
mit einem Motorverbundene Antriebswelle und eine Ab- 
triebswelle auf, auf denen jeweils Zahnrader gelagert 
sind. Hierbei bilden ein auf einer Antriebswelle gelager- 
tes Zahnrad, welches mit einem auf einer Abtriebswelle 
gelagerten Zahnrad in kammendem Eingriff steht ein 
Zahnradpaar. Bei den bekannten Wechselgetrieben ist 
eine Gangstufe dadurch wahlbar, in dem beide Zahnra- 
der eines Zahnradpaares drehfestmit der Antriebswelle 
und mit der Abtriebswelle verbunden werden, und bei 
den ubrigen Zahnradpaaren jeweils zumindest ein 
Zahnrad drehbar auf der Antriebs- bzw. Abtriebswelle 
gelagert ist. Dadurch wird das Drehmoment des Motors 
von der Antriebswelle uber das Zahnradpaar, bei dem 
beide Zahnrader drehfestmit den jeweiligen Wellen ver- 
bunden sind, auf die Abtriebswelle iibertragen. Die ub- 
rigen Zahnradpaare sind in die Drehmomentubertra- 
gung des Motors nicht eingeschaltet, da jeweils ein 
Zahnrad des Zahnradpaares drehbar mit der lagernden 
Antriebs- bzw. Abtriebswelle verbunden ist. 
[0003] Die Funktlonswetse des Hoch- und Riick- 
schaltvorgangs bei den aus dem Stand derTechnik be- 
kannten Wechselgetrieben soil im folgenden beispiel- 
haft anhand solcher Wechselgetriebe beschrleben war- 
den, bei denen samtliche Zahnrader drehfest auf einer 
Antriebswelle gelagert sind und samtliche auf der Ab- 
triebswelle gelagerten Zahnrader mit dieser, abhangig 
von der gewahlten Gangstufe, entweder drehfest oder 
drehbar verbunden sind. 

[0004] Handelt es sich urn ein Wechselgetriebe mit 
nur einer Antriebswelle, so wird bei einem Gangstufen- 
wechsel von einer ersten Gangstufe in eine zweite 
Gangstufe zuerst die Verbindung zwischen Motor und 
Antriebswelle durch das Kupplungssystem getrennt. 
Des Weiteren wird das Zahnrad des zweiten Gangs auf 
die Geschwindigkeit der Abtriebswelle synchronisiert, 
die drehfeste Verbindung zwischen dem auf der Ab- 
triebswelle gelagerten Zahnrad der ersten Gangstufe 
gelost und das Zahnrad der zweiten Gangstufe mit der 
Abtriebswelle drehfest verbunden. Daran anschliefiend 
wird die Verbindung zwischen Motor und Antriebswelle 
durch SchlieBen des Kupplungssystems wieder herge- 
stellt. 

[0005] Bei einem Doppelkupplungsgettiebe mit zwei 
voneinander unabhangig antreibbaren Antrtebswellen 
erfolgt ein Gangstufenwechsel von einer ersten Gang- 
stufe in eine zweite Gangstufe, wobei die beiden Gang- 
stufen jeweils von einer der beiden unabhangigen An- 
triebswellen antreibbar sind, dadurch, dass bei beste- 
hender Verbindung zwischen Motor und erster Gang- 
stufe das auf der Abtriebswelle gelagerte Zahnrad der 
zweiten Gangstufe auf die Drehgeschwindigkeit der Ab- 



triebswelle synchronisiert und mit dieser drehfest ver- 
bunden wird. Der eigentliche Gangstufenwechsel er- 
folgt durch Losen der Verbindung zwischen Motor und 
der mit der ersten Gangstufe verb undenen Antriebswei- 

5 le und Herstellen der Verbindung zwischen Motor und 
der mit der zweiten Gangstufe verbundenen Antriebs- 
welle. Urn eine Uberdrehzahl der mit der ersten Gang- 
stufe verbundenen Antriebswelle zu verhindern, muss 
beim Einkuppeln der zweiten Gangstufe unmittelbardie 

10 drehfeste Verbindung des Zahnrads der ersten Gang- 
stufe mit der Abtriebswelle gelost werden, so dass die- 
ses drehbar auf der Abtriebswelle gelagert ist. 
[0006] Beim Ruckschaltvorgang von einer zweiten 
Gangstufe in eine erste Gangstufe ergibt sich sowohl 

15 bei Wechselgetrieben mit nur einer Antriebswelle wie 
auch bei Wechselgetrieben mit zwei Antriebswellen das 
Problem, dass das auf der Abtriebswelle gelagerte 
Zahnrad der ersten Gangstufe auf die hohere Drehge- 
schwindigkeit der Abtriebswelle synchronisiert werden 

20 muss. Bei diesem Synchronisationsvorgang mussen 
dos Weiteren das mit dem Zahnrad der Abtriebswelle in 
kammendem Eingriff stehende und auf der Antriebswel- 
le gelagerte Zahnrad der ersten Gangstufe sowie die 
Kupplungseinrichtungbeschleunigt werden. Dies istbei 

25 einem grofJen Ubersetzungssprung zwischen der zwei- 
ten und ersten Gangstufe mit hohen Beschleunigungs- 
kraften und Kupplungsschleppmomenten verbunden. 
Daraus resultiert ein reibleistungsintensiver Vorgang, 
der im Allgemeinen nur durch verstarkte Synchronisati- 

30 onseinrichtungen bewerkstelligt werden kann. Entspre- 
chende Gerausche sowie Beschleunigungsdrehmo- 
mente, die eine Riickwirkung auf die Fahrzeugverzoge- 
rung bewirken sind die Folge. 
[0007] Der vorliegenden Erfindung liegt somit die Auf- 

35 gabe zugrunde, ein Wechselgetriebe der vorstertend 
genannten Art derart weiterzubilden, dass die vorste- 
hend beschriebenen Synchronisationseffekte bei zu- 
mindest einer Gangstufe nicht mehr auftreten. 
[0008] Diese Aufgabe wird durch ein Wechselgetrie- 
be be mit den Merkmalen des Anspruchs 1 erfindungsge- 
ma(3 gelost, Vorteilhafte Ausfuhrungsformen und Wei- 
terbildungen der Erfindung sind in den Unteransprii- 
chen angegeben. 

[0009] Das erfindungsgemaGe Wechselgetriebe 
45 weist zusatzlich zu den Merkmalen der bekannten 
Wechselgetriebe ein Zahnradpaar mit einem drehrich- 
tungsabhangig sperrend gelagerten Zahnrad auf, wel- 
ches abhangig davon, ob das drehrichtungsabhangig 
sperrend gelagerte Zahnrad durch die lagernde An- 
so triebs- oder Abtriebswelle Oder durch das andere Zahn- 
rad des Zahnradpaares getrieben wird, drehfest oder 
drehbar mit der Antriebs- oder Abtriebswelle verbunden 
ist. 

[0010] Da auf das drehrichtungsabhangig sperrend 
55 gelagerte Zahnrad sowohl die lagernde Antriebs- bzw. 
Abtriebswelle als auch das mit den drehrichtungsab- 
hangig sperrend gelagerten Zahnrad in kammendem 
Eingriff stehende Zahnrad einwirken, wird das drehrich- 
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tungsabhangig sperrend gelagerte Zahnrad von der 
Komponente getrieben, deren Drehmomenteinwirkung 
dominiert. 

[0011] Das Prinzip der Erfindung soli an folgendem, 
die Idee der Erfindung nicht einschrankendem Beispiel 
erlautert werden, bei dem das drehrichtungsabhangig 
sperrend gelagerte Zahnrad drehfest auf der Abtriebs- 
welle gelagert ist, wenn das drehrichtungsabhangig 
sperrend gelagerte Zahnrad durch das mit ihm in kam- 
mendem Eingriff stehende Zahnrad getrieben wird und 
bei dem das drehrichtungsabhangig sperrend gelagerte 
Zahnrad drehbar auf der Abtriebswelle gelagert ist, 
wenn das drehrichtungsabhangig sperrend gelagerte 
Zahnrad durch die lagernde Abtriebswelle getrieben 
wird. Hier legen das drehrichtungsabhangig sperrende 
Zahnrad und das mit ihm in kammendem Eingriff ste- 
hende Zahnrad beispielsweise das Zahnradpaar einer 
ersten Gangstufe fest: 

[0012] Befindet sich das Wechselgetriebe in einer 
zweiten Gangstufe, so wird das Motordrehmoment von 
der oder einer der Antriebswellen iiber das die zweite 
Gangstufe festlegende Zahnradpaar auf die Abtriebs- 
welle iibertragen. Dies hat zur Folge, dass die Abtriebs- 
welle das drehrichtungsabhangig sperrende Zahnrad 
treibt und das drehrichtungsabhangig sperrende Zahn- 
rad somit auf der Abtriebswelle drehbar gelagert ist. 
Beim Wechsel (beispielsweise Ruckschalten) in die er- 
ste Gangstufe, welche durch das Zahnradpaar mit dem 
drehrichtungsabhangig sperrend gelagerten Zahnrad 
festgelegt wird, miisste bei den aus dem Stand der 
Technik bekannten Wecheelgetrleben das auf der Ab- 
triebswelle gelagerte Zahnrad zuerst auf die Drehge- 
schwindigkeit der Abtriebswelle synchronisiert und an- 
schliefiend mit der Abtriebswelle fest verbunden wer- 
den, Beim erfindungsgemaSen Wechselgetriebe ent- 
fallt derSynchronisationsvorgang, da nach Trennen der 
Obertragung des Motordrehmoments durch die zweite 
Gangstufe nunmehr das drehrichtungsabhangig sper- 
rend gelagerte Zahnrad bei Erhohung des Motordreh- 
moments zunehmend von dem mit ihm in kammendem 
Eingriff stehenden Zahnrad derAntriebswelle getrieben 
wird. Ubersteigt das Drehmoment des Motors, welches 
iiber das Zahnrad der Antriebswelle auf das drehrich- 
tungsabhangig sperrende Zahnrad ausgeiibt wird, das 
Drehmoment der Abtriebswelle, so wird das drehrich- 
tungsabhangig sperrend gelagerte Zahnrad ab diesem 
Moment drehfest auf der Abtriebswelle gelagert. Dies 
hat zur Folge, dass nunmehr das Motordrehmoment 
iiber die erste Gangstufe von der Antriebswelle auf die 
Abtriebswelle iibertragen wird. Eine Synchronisation ist 
demzufolge bei einem Wechselgetriebe mit einem 
Zahnradpaar mit einem drehrichtungsabhangig sper- 
rend gelagerten Zahnrad nicht notwendig. 
[0013] Befindet sich das Wechselgetriebe in der er- 
sten Gangstufe, so wird das drehrichtungsabhangig 
sperrend gelagerte Zahnrad durch das mit ihm in kam- 
menden Eingriff stehende Zahnrad angetrieben, Das 
drehrichtungsabhangig sperrende Zahnrad ist somit 



drehfest auf der Abtriebswelle gelagert. 
[0014] Beim Wechsel in die zweite Gangstufe (bspw. 
Hochschalten) wird das Motordrehmoment nunmehr 
iiber das die zweite Gangstufe festlegende Zahnrad- 
s paar auf die Abtriebswelle iibertragen. Daraus folgt, 
dass das drehrichtungsabhangig sperrende Zahnrad 
nun durch die Abtriebswelle angetrieben wird. Das dreh- 
richtungsabhangig sperrend gelagerte Zahnrad ist so- 
mit drehbar auf der Abtriebswelle gelagert. Ein separa- 
te tesLosenderdrehfesten Verbindungzwischen Zahnrad 
und Abtriebswelle, wie bei den aus dem Stand derTech- 
nik bekannten Wechselgetrieben, entfallt, 
[0015] Eine bevorzugte Ausftihrungsform der Erfin- 
dung sieht vor, dass das drehrichtungsabhangig sper- 
15 rend gelagerte Zahnrad mittels einer Frerlaufeinrichtung 
auf einer Antriebs- oder Abtriebswelle gelagert ist. Hier- 
bei ist beispielsweise ein Rollenfreilauf denkbar, bei 
dem Rollen von Fedem in einer Drehrichtung in einen 
sich verengenden Spalt zwischen einem AuBen- und In- 
20 nenring gedruckt werden. Hierbei ist beispielsweise der 
AuBenring mit einem Zahnrad und der Innenring mit ei- 
ner Antriebsoder Abtriebswelle verbunden. Treibt der 
Aufienring den Innenring in Richtung der Federkraft an, 
so werden die Rollen eingeklemmt und es entsteht eine 
25 kraftschlussige Verbindung, d. h. das Zahnrad wird 
drehfest auf der Antriebs- Oder Abtriebswelle gelagert. 
Beim Antrieb durch den Innenring wird diese kraft- 
schlussige Verbindung aufgehoben, d. h. das Zahnrad 
ist drehbar auf der Antriebs- oder Abtriebswelle gela- 
30 gert. 

[0016] Eine weiter bevorzugte Ausfiihrungsform der 
Erfindung sieht ein Wechselgetriebe mit zwei Antriebs- 
wellen und einer Abtriebswelle vor, Eine darauf basie- 
rende Weiterbildung der Erfindung sieht vor, dass eine 
35 Antriebswelle ais Hohlwelle und eine andere Antriebs- 
welle eine zur Hohlwelle konzentrisch verlaufende Voll- 
welle ist. 

[0017] Urn die beiden Antriebswellen unabhangig 
voneinanderantreibenzu konnen, sieht eine wettere be- 

^0 vorzugte Ausfiihrungsform der Erfindung ein Kupp- 
lungssystem vor, bei welchem jeweils eine Kupplungs- 
einheit fur jede Antriebswelle vorgesehen ist, und bei 
dem die Kraftubertragung jeweils nur zwischen Motor 
und einer einzigen Antriebswelle herstellbar ist. 

45 [0018] Die Erfindung wird nachfolgend anhand eines 
beispielhaft bevorzugten Ausfuhrungsbeispjels naher 
beschrieben. Es zeigen: 

Figur 1 Eine schematische Darstellung eines erfin- 
50 dungsgemaBen Wechselgetriebes, 

Figur 2 eine schematische Darstellung des erfin- 
dungsgemaBen Wechselgetriebes in grober 
Vereinfachung zur Erlauterung des Drehmo- 
ss mentflusses in einer ersten und in einer zwei- 

ten Gangstufe. 

[0019] Die Figur 1 zeigt ein erfindungsgemaBes als 



5 



EP 1 460 305 A1 



6 



Doppelkupplungsgetriebe 1 ausgebildetes Wechselge- 
triebe. Das Doppelkupplungsgetriebe 1 weistein Kupp- 
lungssystem 2 mit einer Kupplungseinheit 3 und einer 
Kupplungseinheit 4 auf. Die Kupplungseinheit 3 stent 
mit einer als Hohlwelle 5 ausgebildeten Antriebswelle in 
Wirkverblndung. Die Kupplungseinheit 4 stent mit einer 
als Vollwelle 6 ausgebildeten Antriebswelle in Wirkver- 
bindung. Die Vollwelle 6 verlauft abschnittweise in der 
Hohlwelle 5 und ist zu dieser konzentrisch angeordnet. 
Auf der Hohlwelie 5 sind Zahnrader 7, 8, 9 und 1 0 dreh- 
fest gelagert. Auf der Vollwelle 6 sind Zahnrader 11,12 
und 13 drehfest gelagert. Des Weiteren weist das Dop- 
pelkupplungsgetriebe 1 eine Abtriebswelle 14 auf, auf 
welcher die Zahnrader 15, 1 6, 1 7, 1 8, 1 9, 20 und 21 ge- 
lagert sind. Die Zahnrader 15, 16, 17, 18, 20 und 21 sind 
wechselnd drehfest Oder drehbar mit der Antriebswelle 
14 verbindbar, Eine drehfeste Verbindung einer der 
Zahnrader 15, 16, 17, 18, 20 und 21 ist mit der Abtriebs- 
welle 14 dann herstellbar, wenn eine mit der Abtriebs- 
welle 14 drehfest verbundene und auf dieser axial ver- 
schiebbare Schaltmuffe 22 in eines der Zahnrader 15, 
16, 17, 18, 20 Oder 21 seitlich eingreift. In diesem Zu- 
sammenhang ist anzumerken, dass anstelle derSchatt- 
muffe 22 das Getriebe auch mit einem Drehmoment- 
schaiteinrichtungsgangrad oder mit einer Synchronisa- 
tionseinrichtungausgestattetseln kann. Die Schaltmuf- 
fen 22 sind mittels sines Gangaktuators 23 betatigbar. 
Hierbei wird die Gangstufe gewahlt, deren auf der Ab- 
triebswelle gelagertes Zahnrad durch den seitlichen 
Eingriff einer der Schaltmuffen drehfest auf der Ab- 
triebswelle gelagert wird. 

[0020] Die Figur 1 zeigt eine Getriebeposition, bei 
weicher die Schaltmuffe 22 in das Zahnrad 15 eingreift, 
so dass dieses drehfest mit der Abtriebswelle 14 ver- 
bunden ist. Die ubrigen Zahnrader 16, 17, 18, 20 und 
21 sind dagegen drehbar auf der Abtriebswelle 14 ge- 
lagert. Das Zahnrad 19 ist mittels einer Freilaufeinrich- 
tung 24 auf der Abtriebswelle 14 gelagert. Das Zahnrad 
19 ist somit drehrichtungsabhangig sperrend gelagert. 
Im vorliegenden Ausfuhrungsbeispiel ist das drehrich- 
tungsabhangig sperrend gelagerte Zahnrad 1 9 drehfest 
mit der Abtriebswelle 14 verbunden, wenn es von dem 
mit ihm in kammendem Eingriff stehenden Zahnrad 11 
getrieben wird, und drehbar auf der Abtriebswelle 1 4 ge- 
lagert, wenn dieses von der Abtriebswelle 14 getrieben 
wird. 

[0021] Das Doppelkupplungsgetriebe 1 weist sechs 
wahlbare Vorwartsgangstufen und eine wahlbare Riick- 
wartsgangstufe auf. Jede Gangstufe ist durch ein Zahn- 
radpaarfestgelegt. Hierbei bildet jeweils ein Zahnrad 7, 
8, 9, 10, 11, 12, 13derAntriebswellen5 und 6 mit einem 
mit ihm in kammendem Eingriff stehenden Zahnrad 15, 
16, 17, 18, 19, 20, 21 der Abtriebswelle ein Zahnrad- 
paar. So bilden beispielsweise die Zahnrader 7 und 15 
ein eine Gangstufe festlegendes Zahnradpaar. Im vor- 
liegenden Ausfuhrungsbeispiel bilden die Zahnradpaa- 
re 7, 15 bzw. 11 , 1 9 die zweite bzw. erste Gangstufe. In 
der Figur 1 istzu erkennen, dass eine der Schaltmuffen 



22 in das Zahnrad 15 seitlich eingreift. Daraus folgt, 
dassbeimdargesteliten Doppelkupplungsgetriebe 1 die 
zweite, durch das Zahnradpaar 7, 1 5 fesigelegte Gang- 
stufe eingelegt ist. 

5 [0022] Die Figur2 zeigt abschnittweise Komponenten 
des erfindungsgemal3en Doppelkupplungsgetriebes 1 f 
um die Ubertragung des Motordrehmoments M in ver- 
schiedenen Gangstufen zu veranschau lichen. 
[0023] In der Figur 2 sind die iibertragenen Drehmo- 

10 mente jeweils durch Pfeile entlang den Zahnradern und 
Achsen dargestellt. 

[0024] Die Figur2azeigt das Doppelkupplungsgetrie- 
be 1 bet eingelegter zweiter Gangstufe und eingekup- 
pelter Kupplungseinheit 3. Dies bedeutet, dass das Mo- 
rs tordrehmoment M uber die Kupplungseinheit 3 auf die 
Hohlwelle 5 ubertragen wird. Die Hohlwelle 5 ubertragt 
das Motordrehmoment M auf das auf ihr drehfest gela- 
gerte Zahnrad 7, welches mit dem auf der Abtriebswelle 
14 gelagerten Zahnrad 15 in kammendem Eingriff steht. 

so Das Zahnrad 1 5 wird durch die Schaltmuffe 22 drehfest 
auf der Abtriebswelle 1 4 gelagert und ubertragt das Mo- 
tordrehmoment M somit auf die Abtriebswelle 14. Auf- 
grund der Freilaufeinrichtung 24, welche beim Antrieb 
der Abtriebswelle 14 eine drehbare Verbindung zwi- 

25 schen drehrichtungsabhangig sperrend gelagertem 
Zahnrad 1 9 und Abtriebswelle 14 herstellt, wird auf das 
drehrichtungsabhangig sperrend gelagerte Zahnrad 19 
durch die Abtriebswelle 14 keln Drehmoment ubertra- 
gen. Bei triebswelle 14 kcin Drehmoment ubertragen. 

30 Bei einem aus dem Stand der Technik bekannten Dop- 
pelkupplungsgetriebe, welches kein teilsperrend gela- 
gertes Zahnrad 1 9 aufweist, musste das Zahnrad dieser 
ersten Gangstufe bei Betrieb derzweiten Gangstufe von 
der Abtriebswelle 14 entkoppelt werden, d. h. drehbar 

35 auf dieser gelagert sein. Dies wurde dadurch erreicht, 
in dem die Schaltmuffe 22 nicht in das Zahnrad eingreift. 
[0025] Die Figur2b zeigt das Doppelkupplungsgetrie- 
be 1 wahrend eines Ruckschaltvorgangs von der zwei- 
ten Gangstufe in die erste Gangstufe, Bei einem aus 

40 dem Stand derTechnik bekannten Doppelkupplungsge- 
triebe musste beim Ruckschaltvorgang von einer hohe- 
ren In eine niedrigere Gangstufe das auf der Abtriebs- 
welle sitzende Zahnrad der kleineren Gangstufe auf die 
Drehgeschwindigkeit der Abtriebswelle synchronisiert 

45 werden. Da mit dem Zahnrad der Abtriebswelle auch 
gleichzeitig das mit ihm in kammendem Eingriff stehen- 
de Zahnrad der Antriebswelle sowie die Welle und die 
Kupplungseinheit beschleunigt werden mussen, stellt 
dies einen reibleistungsintensiven Vorgang dar. 

so [0026] Die Synchronisation des auf der Abtriebswelle 
angeordneten Zahnrads der kleinern Gangstufe entfallt 
beim erfindungsgemafJen Doppelkupplungsgetriebe 1 . 
Wie aus der Figur 2b zu entnehmen ist, ist die Ubertra- 
gung des Motordrehmoments M durch die zweite Gang- 

55 stufe unterbrochen, da die Kupplungseinheit 3 geoffnet 
ist. Dagegen wird das Motordrehmoment M durch die 
geschlossene Kupplungseinheit 4 auf die Vollwelle 6 
und dam it auf das auf der Vollwelle 6 angeordneteZahn- 
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rad 11 sowie von diesem auf das drehrichtungsabhan- 
gigsperrend gelagerte Zahnrad 1 9 der Abtriebswelle 1 4 
ubertragen (siehe Pfeile auf Zahnrad 11). Ein weiteres 
Drehmoment, weiches aufgrund derbisherigen Drehbe- 
wegung der Abtriebswelle 14 vorhanden ist, wirkt von 
der Abtriebswelle 14 auf das drehrichtungsabhangig 
sperrend gelagerte Zahnrad 19 ein. Eine Synchronisa- 
tion wie bei den aus dem Stand derTechnik bekannten 
Doppelkupplungsgetrieben ist hierbei nicht notwendig, 
da die Freilaufeinrichtung 24 gewahrleistet, dass ab- 
hangig vom treibenden Drehmoment das teilsperrend 
gelagerte Zahnrad 19 entweder drehfest auf der Ab- 
triebswelle 1 4 Oder drehbar auf der Abtriebswelle 1 4 ge- 
lagert ist. Dies bedeutet, dass die Kupplungseinheit 4 
ohne vorherige Synchronisation geschlossen werden 
kann. Aufgrund der Freiiaufeinrichtung 24 ist das teil- 
sperrend gelagerte Zahnrad 19 solange auf der Ab- 
triebswelle 14 drehbar gelagert, bis das Motordrehmo- 
ment M, welches fiber die Vollwelle 6 und das Zahnrad 
11 auf das teilsperrend gelagerte Zahnrad 19 einge- 
bracht wird, das von der Abtriebswelle 1 4 auf die Frei- 
laufeinrichtung 24 eingebrachte Drehmoment uber- 
stelgt, IstdieserPunkterreicht.soistdas drehrichtungs- 
abhangig sperrend gelagerte Zahnrad 19 drehfest mit 
der Abtriebswelle 14verbunden. 
[0027] Die Figur2czeigt das erfindungsgemaSe Dop- 
pelkupplungsgetriebe 1 im Zustand, in dem das dreh- 
richtungsabhangig sperrend gelagerte Zahnrad 19 
durch das mit diesem in kammendem Eingriff stehende 
Zahnrad 11 getrieben wird. Somit spent die Freilaufein- 
richtung 24, so dass das drehrichtungsabhangig sper- 
rend gelagerte Zahnrad 19 drehfest auf der Abtriebs- 
welle 1 4 gelagert ist. 

Bezugszeichenliste 

[0028] 

1 Doppelkupplungsgetriebe 

2 Kupplungssystem 

3 Kupplungseinheit 

4 Kupplungseinheit 

5 Hohlwelle 

6 Hohlwelle 

7 Zahnrad (Hohlwelle) 

8 Zahnrad (Hohlwelle) 

9 Zahnrad (Hohlwelle) 

10 Zahnrad (Hohlwelle) 

1 1 Zahnrad (Vollwelle) 

12 Zahnrad (Vollwelle) 

13 Zahnrad (Vollwelle) 

14 Abtriebswelle 

15 Zahnrad (Abtriebswelle) 

16 Zahnrad (Abtriebswelle) 

17 Zahnrad (Abtriebswelle) 

18 Zahnrad (Abtriebswelle) 

19 Zahnrad (Abtriebswelle) 

20 Zahnrad (Abtriebswelle) 
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20 
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21 Zahnrad (Abtriebswelle) 

22 Schaltmuffe (auch Drehmomentschalteinrich- 
tungsgangrad bzw. Synchroneinrichtung). 

23 Gangaktuator 

24 Freilaufeinrichtung 

25 Elektronische Getriebesteuerung 
M Motordrehmoment 
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Wechselgetriebe (1 ) mit wahlbaren Gangstufen und 
mit einer Antriebswefle (5) und einer Abtriebswelle 
(6) auf denen jeweils Zahnrader (7,8,9,10,11,12, 
13) und (15, 16, 17, 18, 19, 20, 21) gelagert sind, 
wobei jeweils ein Zahnrad (7, 8, 9, 10, 11, 12, 13) 
einer Antriebswelle (5, 6) und ein mit diesem in 
kammendem Eingriff stehendes Zahnrad (15, 16, 
17, 18, 19, 20, 21) einer Abtriebswelle (14) ein 
Zahnradpaar(7, 15; 8, 16; 9, 17; 10, 18; 12, 20; 13, 
21) bilden, und wobei eine Gangstufe dadurch 
wahlbarist, indem beide Zahnrader einesZahnrad- 
paares (7, 16; 8, 16; 9, 17; 10, 18; 11, 19; 12, 20; 
13, 21) drehfest mit der Antriebs- (5, 6) und der Ab- 
triebswelle (14) verbunden werden, und jeweits zu- 
mindest ein Zahnrad der ubrigen Zahnradpaare (7, 
15; 8, 16; 9, 17; 10, 18; 11, 19; 12, 20) auf einer der 
Antriebs- (5, 6) Oder Abtriebswellen (14) drehbar 
gelagert wird, 

dadurch gekennzeichnet, 
dass ein Zahnradpaar (11, 19) ein drehrichtungs- 
abhangig sperrend gelagertes Zahnrad (19) auf- 
weist welches abhangig davon, ob das drehelnrlch- 
tungsabhangig sperrend gelagerte Zahnrad (19) 
durch die lagemde Antriebs- (5, 6) oder Abtriebs- 
welle (14) oder durch das andere Zahnrad (11) des 
Zahnradpaares (11,19) getrieben wird, drehfest mit 
der Antriebs- (5, 6) oder Abtriebswelle (1 4) verbun- 
den ist oder drehbar auf der Antriebs- (5, 6) oder 
Abtriebswelle (14) gelagert ist. 

Wechselgetriebe nach Anspruch 1 , 
dadurch gekennzeichnet, 
dass das drehrichtungsabhangig sperrend gela- 
gerte Zahnrad (1 9) mittels einer Freilaufeinrichtung 
(24) auf der Antriebs- (5, 6) oder Abtriebswelle (14) 
gelagert ist. 

Wechselgetriebe nach einem der Ansp ruche 1 bis 
2, 

dadurch gekennzeichnet, 
dass das drehrichtungsabhangig sperrend gela- 
gerte Zahnrad (19) auf der Abtriebswelle (14) gela- 
gert ist. 

Wechselgetriebe nach Anspruch 3, 
dadurch gekennzeichnet, 

das drehrichtungsabhangig sperrend gela- 
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gerte Zahnrad (19) drehfest mit der Abtriebswelle 
(14) verbunden ist, wenn das drehrichtungsabhan- 
gig sperrend gelagerte Zahnrad (19) durch das mit 
ihm in kammendem Eingriff stehende Zahnrad (11) 
getrieben wird, und dass das drehrichtungsabhan- 5 
gig sperrend geiagerte Zahnrad (19) drehbar auf 
. der Abtriebswelle (14) gelagert ist, wenn das teil- 
sperrend gelagerte Zahnrad (19) durch die lagern- 
de Abtriebswelle (14) getrieben wird, 

10 

5. Wechselgetriebe nach einem der Anspruche 1 bis 
4, 

dadurch gekennzeichnet, 
dass zwei Antriebswelien (5, 6) und eine Abtriebs- 
welle (14) vorgesehen sind. 15 

6. Wechselgetriebe nach Anspruch 5, 
dadurch gekennzeichnet, 

dass eine Antriebswelle ein Hohlwelle (5) und eine 
andere Antriebswelle eine zur Hohlwelle (5) kon- 20 
zentrisch verlaufende Vollwelie (6) ist. 



7. Wechselgetriebe nach einem der Anspruche 1 bis 

dadurch gekennzeichnet, 2S 

dass eln Kupplungssystem (2) mit jeweils einer 
Kupplungseinheit (3, 4) fur jede Antriebswelle (5, 6) 
vorgesehen ist, wobei die Kraftubertragung jeweils 
nurzwlschen Motor und einer einzigen Antriebswel- 
le (5, 6) herstellbar Ist. so 

8. Wechselgetriebe nach einem der Anspruche 1 bis 
7, 

dadurch gekennzeichnet, 

dass die Zahnrader (7, 8, 9, 1 0, 1 1 , 1 2, 1 3) der An- 35 
triebswelle (5, 6) drehfest auf der jeweiligen An- 
triebswelle (5, 6) gelagertsind, und dass fur die ub- 
rigen Zahnrader der Abtriebswelle (15, 16, 17, 18, 
20, 21) wechselnd eine drehfeste oder eine dreh- 
bare Verbindung mit der Abtriebswelle (1 4) herstell- 40 
bar ist. 



9, Wechselgetriebe nach einem der Anspruche 1 bis 
8, 

dadurch gekennzeichnet, 
dass die drehfeste oder die drehbare Verbindung 
mittels einer Schaltmuffe (22), eines Drehmoment- 
schalteinrichtungsgangrads bzw. einer Synchroni- 
sationseinrichtung herstellbar ist. 
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(57) Abstract: A transmission system including first and second rotatable shafts, and means for transferring drive from one of the 
shafts to the other shaft including first and second gear wheels each rotatably mounted on the Eist shaft and having drive forma- 
tions formed thereon, a selector assembly for selectively transmitting torque between the -first shaft and the first gear wheel and 
between the first shaft and the second gear wheel, wherein the selector assembly includes an actuator assembly and first and second 
sets of engagement members that are moveable into and out of engagement with the first and second gear wheels independently of 
each other, said selector assembly being arranged such that when a driving force is transmitted, one of the first and second sets of 
engagement members drivingly engages the engaged gearwheel, and. the other set of engagement members is then in an unloaded 
condition, wherein the actuator assembly is arranged to move the unloaded set of engagement members into driving engagement 
with the unengaged gear wheel to effect a gear change. 
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Transmission system 

The present invention relates to transmission systems and selector mechanisms used in 
transmission systems to select a gear ratio, and in particular to dog-type transmission systems. 

A known dog-type transmission system is described in WO 01/29440. The transmission system 
disclosed in that document is particularly suited for use in racing vehicles. When changing gear 
using conventional manual gearboxes there is a torque interruption when a first gear is disengaged 
and a second gear is selected. In racing vehicles it is necessary to reduce torque interruption time 
to a minimum thereby maximizing the amount of time an engine drives the vehicle. Torque 
interruptions lasting tenths of a second between gear changes can have significant impact on a 
vehicle's performance and hence placing in a race. The transmission system of WO 01/29440 
addresses this problem by using dog rings engageable with recess rings attached to first and 
second gears mounted on an input shaft, and an actuator for moving the dog rings into and out 
of engagement with the recess rings, such that the first gear is still engaged when the second gear 
is selected, thereby reducing the torque interruption time to nearly zero. 

Conventional gearboxes use synchronising cones to reduce the amount of backlash experienced: 
however these have the drawback that torque interrupts are relatively long when changing gear. 
Large torque interrupts affect the efficiency of the vehicle, and in particular lead to increased fuel 
consumption and higher emissions. 

One problem with the invention disclosed in WO 01/29440 is that significant backlash occurs 
when accelerating or decelerating in a particular gear. Thebacklashis acceptableto racing drivers 
since racing drivers are generally more skilled than road users and are more interested in vehicle 
performance rather than obtaining a smooth ride. Therefore the advantage of reducing the . 
duration of torque interrupts provided by the invention of WO 01/29440 for racing drivers far 
outweighs the backlash experienced. However, with regards to conventional road vehicles such 
as cars and motorcycles a smooth ride is a more important criterion and therefore u-ansmission 
systems with large amounts of backlash are unsuitable for the vast majority of vehicles. 

Furthermore, the invention of WO 01/29440 uses a spline configuration that leads to structural 
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weakness and which requires the dog rings to be very strong to prevent them from breaking apart 
under operating conditions. A further structural weakness is the cantilevered configuration of the 
recess rings. Also the arrangement of the arcuate recesses formed in the ring causes problems for 
the dog rings to properly engage with the gear wheels. 

The actuator assembly is also bulky leading to large gearboxes. 

Other transmission systems have used roller clutches or pawl engagement systems. In the latter 
case, the pawl mechanism is mounted in a cavity in a shaft. Engagement mechanisms mounted 
internally in shafts are very complex and difficult to assemble and as such have proved to be 
commercially unviable. 

Accordingly the present invention seeks to provide an improved transmission system that 
mitigates at least some of the aforementioned problems. 

According to one aspect of the present invention there is provided a transmission system 
including first and second rotatable shafts, and means for transfening drive from one of the shafts 
to the other shaft including first and second gear wheels each rotatably mounted on the first shaft 
and having drive formations formed thereon, a selector assembly for selectively transmitting 
torque between the first shaft and fee first gear wheel and between the first shaft and the second 
gear wheel, wherein the selector assembly includes an actuator assembly and first and second sets 
of engagement members that, are moveable into and out of engagement with the first and second 
gear wheels independently of each other, said selector assembly being arranged such that when 
a driving force is transmitted, one of the first and second sets of engagement members, drivingly 
engages the engaged gear wheel, and fee other set of engagement members is then in an unloaded 
condition, wherein the actuator assembly is arranged to move the unloaded set of engagement 
members into driving engagement wife the unengaged gear wheel to effect a gear change.. 

The transmission system thereby performs accelerating upshifts and braking down-shifts 
substantially without torque interruption. 

Preferably fee first shaft is an input shaft and the second shaft is an output shaft and drive is 
transferred from the input shaft to the output shaft. Alternatively, the first shaft can be the output 
shaft and the second shaft is the input shaft. 

Preferably the sel ector assembly is arranged such feat when a braking force i s transmitted fee first 
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set of engagement members drivingly engages the engaged gear wheel, and the second set of 
engagement members is in an unloaded condition, and when a driving force is transmitted the 
second set of engagement members drivingly engages the engaged gear wheel, and the second 
set of engagement members is then in an unloaded condition. 

Advantageously the actuator assembly is arranged to bias the loaded set of engagement members 
towards the unengaged gear wheel without disengaging the loaded set of engagement members 
from the engaged gear wheel. 

Preferably the first and second sets of engagement members are arranged to rotate, in use, with 
the first shaft. The selector assembly is arranged such that the first and second sets of engagement 
members can move axially relative to each other along the first shaft. The first and second sets 
of engagement members are axially aligned when both sets engage the first or second gear 
wheels, and preferably when in a neutral condition. The first and second sets of engagement 
members are axially offset during gear change operations. 

Preferably the selector assembly is arranged such that when the first and second sets of 
engagement members engage one of the first and second gear wheels the backlash when moving 
between acceleration and deceleration is less than or equal to four degrees. 

Advantageously the drive formations on the first and second gear wheels comprise first and 
second groups of dogs respectively. The first and second groups of dogs each comprise between 
two and eight dogs, evenly distributed on the first and second gears respectively. Preferably the 
first and second groups of dogs each comprise between two and four dogs, and preferably three 
dogs. 

Preferably the drive formations on the first and second gear wheels do not extend beyond the 
outer diameter of the gear wheels. 

Advantageously the first and second sets of engagement members comprise between two and 
eight members. Preferably the first and second sets of engagement members comprise between 
two and four members, and preferably three members. 

Advantageously the first shaft includes keyways formed in its curved surface arranged such that 
the first and second sets of engagement members can slide axially along the keyways and to 
radially restrain the positions of the sets of engagement members. Preferably tile cross-section 
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of the keyways is one of T-shaped, slotted, and dovetailed. 

Advantageously the actuator assembly includes at least one resiliently deformable means 
arranged to move at least one of the first and second sets of engagement members into 
engagement with the first and second gear wheels when the engagement members are in unloaded 
conditions. The at least one resiliently deformable means is arranged to bias at least one of the 
first and second sets of engagement members towards the first or second gear wheel when the 
engagement members are drivingly engaged with a gear wheel. 

Preferably, the actuator assembly includes first and second resiliently deformable means 
connected to the first and second sets of engagement members respectively such that the first 
resiliently deformable means acts on the first set engagement members and the second resiliently 
deformable means acts on the second set engagement members. 

In one embodiment the at least one resiliently deformable means is connected to the first and 
second sets of engagement members such that the resiliently deformable means acts on both the 
first and second sets of engagement members. 

In embodiments including dovetailed or slotted keyways, the members of the first an d / or second 
sets of engagement members can perform limited axial movement relative to each other in the 
keyways. 

Advantageously the resiliently deformable means is a spring, and preferably a disc spring. 
Preferably the disc spring includes a plurality of arms, each arm having a first part that extends 
circumferentially around a portion of the disc spring and a second part that extends substantially 
radially inwards. 

Preferably the actuator assembly includes a fork that is arranged to engage the resiliently 
deformable means to move it axially along the first shaft. 

The transmission system may further include third and fourth gears mounted on the first shaft and 
a second selector assembly to provide additional gear ratios between the first and second shafts. 

An embodiment of the present invention will now be described, by way of example only, with 
reference to the accompanying drawings in which like references indicate equivalent features, 
wherein: 
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Figure 1 is a general arrangement of a transmission system in accordance with tine present 
invention; 

Figure 2 is a perspective view of part of a selector assembly; 

Figure 3 illustrates the arrangement of a group of dogs on a side of a gear; 

Figure 4 is a plan of a disc spring; 

Figures 5a-f illustrate diagrammatically operation of the selector assembly; 
Figure 6 is a sectional view of an input shaft; and 

Figure 7 is a plan view of a disc spring for a second embodiment of the invention. 

Figure 1 shows a transmission system in accordance with the invention. The transmission system 
comprises an input shaft 1 having first and second gear wheels 3,5 mounted thereon, an output 
shaft 7 having third and fourth gear wheels 9, 1 1 mounted thereon and a selector assembly 1 3 . The 
first and second gear wheels 3,5 are rotatably mounted on the input shaft 1 and the third and 
fourth gear wheels 9,1 1 are fixedly mounted on the output shaft 7. The first and second gear 
wheels 3,5 mesh with tfhrd and fourth gear wheels 9, 1 1 respectively to form first and second gear 
wheel pairs 15,17. 

Rotational drive may be transferred from the input shaft 1 to the output shaft 7 via either the first 
or second gear wheel pairs 15,17, with selection of the gear wheel pairs being determined by the 
position of the selector assembly 13. The selector assembly 13 engages first and second groups 
" of drive formations 1 9,2 1 located on the first and second gear wheels 3 ,5 respectively. The drive 
formations each comprise groups of dogs. 

The first dog group 19 is located on one side of the first gearwheel 3. The dogs are preferably 
formed integrally with the first gear wheel, but this is not essential. The first dog group 1 9 
comprises three dogs evenly circumferentially distributed about the gear face, i.e. the angle 
subtended between the centres of a pair of dogs is approximately 120° (see Figure 3). The second 
dog group 21, comprises three dogs and is similarly arranged on one side of the second gear 
wheel. Three dogs are used because this an-angeoient provides large engagement windows, that 
is the spaces between the dogs, to receive Hie selector assembly 13 . Large engagement windows 
provide greater opportunities for the selector assembly to fully engage the gear wheels 3,5 before 
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transmitting drive thereto. If the selector assembly 13 drives a gear wheel when only partially 
engaged it can lead to damage of the dogs and / or the selector assembly 13. 

The first and second gear wheels 3,5 are mounted spaced apart on the input shaft 1 on roller 
bearings 23 ,25 and are arranged such that the sides including the first and second dog groups face 
each other. 

The selector assembly 1 3 includes first and second sets of engagement bars 27,29 and an actuator 
assembly 3 1 in the form of a fork assembly 33 and a selector rod 35. 

The first and second sets of engagement bars 27,29 are mounted on the input shaft 1 between the 
first and second gear wheels 3,5. Referring specifically to Figure 2, the first set of engagement 
bars 27 comprises three bars 28 attached to a first connector ring, for example using grub screws . 
The first connector ring 37 holds the bars in a fixed arrangement. The bars 28 are evenly 
distributed about the inner tircurnference of the first connector ring such that their bases face 
inwards, and the bars 28 are arranged substantially parallel. The second set of engagement bars 
29 comprises three bars 30 which are held in a similar fixed arrangement by a second connector 
ring 39. 

The first and second engagement b ar sets 27,29 are mounted on the input shaft 1 between the first 
and second gear wheels 3,5. The sets of engagement bars 27,29 are arranged to rotate with the 
input shaft 1 but are able to slide axially along the shaft in response to a switching action of the 
actuator assembly 3 1 . To facilitate this, the input shaft 1 includes six keyways 4 1 formed in its 
curved surface with each engagement bar 28,30 having a complementary formation in its base. 
The arrangement of the bar sets 27,29 is such that bars of a particular set are located in alternate 
keyways 41 and the bar sets 27,29 can slide along the input shaft 1 . Each bar set 27,29 moves as 
a unit and each bar set can move independently of the other. When there is relative movement 
between the first and second sets of bars 27,29, the second connector ring 39 slides over the first 
set of bars 27 and the first connector ring 37 slides over the second set of bars 29. 

Each bar 28 in the first baa- set 27 has a first end 28a arranged to engage- the first group of dogs 
1 9 attached to the first gear wheel 3 and a second end 28b arranged to engage the second group 
of dogs 21 on the second gearwheel 5. The first and second ends 28a,28b typically have the same 
configuration but are opposite handed, such that the first end 28a is arranged to engage the first 
group of dogs 1 9 during deceleration of the first gear wheel 3 and the second end 28b is arranged 
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to engage the second group of dogs 21 during acceleration of the second gear wheel 5 f for 
example during engine braking in automotive applications. Each bar 30 in the second bar set 29 
is similarly arranged, except that the first end 30a is arranged to engage the first group of dogs 
1 9 during acceleration of the first gear wheel 3 and the second end 30b is arranged to engage the 
second group of dogs 21 during deceleration of the second gear wheel 5. 

When both the first and second sets of engagement bars 27,29 engage a gear wheel drive is 
transmitted from the input shaft 1 to the output shaft 7 whether the gear is accelerating or 
decelerating. 

The first and second ends 28a,30a,28b,30b of eachbar include a substantially vertical face 43 for 
engaging dogs 19,21 and a ramp 45 that slopes in the direction of the engagement face 43 to 
ensure that the bars 28,30 disengage from the dogs 1 9,21 to prevent the transmission from locking 
up. When the bars of the first and second sets 27,29 are interleaved, as in Figure 2, the dog 
engagement faces 43 of the first end 28a of the first set of bars 27 are adjacent the dog 
engagement faces 43 of the first end 30a of the second set of bars 29. When the first and second 
sets of bars 27,29 are fully engaged with a gear a dog is located between each pair of adj acent 
engagement faces 43. The dimensions of the dogs 19,21 and the ends of the bars are preferably 
such that there is little movement of a dog between the engagement face 43 of the acceleration 
bar and the engagement face 43 of the deceleration bar when the gear moves from acceleration 
to deceleration, or vice versa, to ensure that there is little or no backlash in the gear. 

Preferably the bars are configured to be close to the input shaft 1 to prevent significant cantilever 
effects due to large radial distances of loaded areas thus reducing the potential for structural 
failure. 

The actuator assembly 3 1 is arranged such that the fork assembly 33 is mounted on the selector 
rod 3 5, and the selector rod is provided parallel to the input shaft 1 and adjacent thereto. The fork 
assembly 33 includes a fork 46 and first and second annular disc springs 47,49 mounted about 
the input shaft 1 (see Figure I). The first and second disc springs 47,49 have three arms, with 
each arm having a first part that extends circumferentially around a part of die spring and a 
second part that extends radially inwards (see Figure 4). 

The fork 46 has a first pair of arcuate members 5 1 arranged to engage the first disc spring 47. The 
arcuate m embers 5 1 are arranged such that the first disc spring 47 can rotate with the input shaft 
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1 between the arcuate members 51 and such that axial movement of the fork 46 parallel to the 
input shaft 1 moves the arcuate members 51 and hence the first disc spring 47 axially along the 
shaft if the first disc spring 47 is free to move, or biases the first disc spring 47 to move in the 
same direction as the fork 46 if the first disc spring 47 is unable to move. The fork 46 has a 
second pair of arcuate members 53 arranged to engage and act upon the second disc spring 49 in 
a similar manner. 

The position of the fork 46 relative to the first and second gear wheels 3,5 can be adjusted by 
movement of the selector rod 35 in the axial direction. 

The inner edges of the first disc spring 47 are fixed to the bars 28 in the first bar set 27 and the 
inner edges of the second disc spring 49 are fixed to the bars 30 in the second bar set 29. When 
the fork 46 moves, thereby moving or loading the disc springs 47,49, the engagement bar sets 
27,29 are likewise moved or biassed to move. 

Tbe operation of the selector assembly 13 will now be described with reference to Figures 5a-5f 
which for clarity illustrate diagrammatically the movement of the first and second bar sets 27,29 
by the relative positions of only one bar from each set. 

Figure 5a shows the first and second bar sets 27,29 in a neutral position, that is, neither bar set 
is engaged with a gear wheel. Figure 5b shows the first and second bar sets moving into 
engagement with the first gear wheel 3 under the action of the fork 46. 

Figure 5c shows a condition when the first gear wheel 3 is fully engaged, that is, the bars 28,30 
are interleaved with the first group of dogs 19. The selector rod 35 is located such that the fork 
46 maintains the first and second bar sets 27,29 in engagement with the first gear wheel 3. 
Accordingly, power is transferred from the input shaft 1 , to the first gear wheel 3 by the first bar 
set 27 .when decelerating and the second bar set 29 when accelerating via the first group of dogs 
19. Power is transmitted to the output shaft 7 put via the third gear wheel 9. 

"Whilst accelerating (first gear wheel 3 rotating in the direction of arrow B in Figure 5c) using the 
first gear wheel pair 15, the engagement faces 43 of the bars of the first bar set 27 are not loaded, 
whilst the engagement faces 43 of the bars of the second bar set 29 are loaded. When a user, or 
an engine management system (not shown) wishes to engage the second gear wheel pair 1 1, the 
selector rod 35 is moved such that the fork 46 acts on the first disc spring 47, causing the bars of 
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the first bar set 27 to slide axially along the keyways 41 in the input shaft 1 thereby disengaging 
the bars from the first gear wheel 3 (see Figure 5d). 

The fork 46 also acts on the second disc spring 49 to bias the bars of the second bar set 29 to 
move towards the second gear wheel 5. However, because the bars of the second bar set 29 are 
loaded, i.e. are driving the first gear wheel 3, they cannot be disengaged from the first gear wheel 
3, and therefore the bars of the second bar set 29 remain stationary. 

When the bars of the first bar set 27 slide axially along the input shaft 1 , the engagement faces 
43 engage the second group of dogs 21 (see Figure 5e). The bars then begin to drive the second 
gear wheel 5 in the direction of Arrow C in Figure 5e and energy is transmitted from the input 
shaft 1 to the output shaft 7 by way of the second gear wheel pair 1 7. As this occurs, the bars of 
the second bar set 29 cease to be loaded, and are free to disengage from the first group of dogs 
19. Since the second disc spring 49 is biassed by the fork 46, the bars of the second bar set 29 
slide axially along the keyways 41 in the input shaft 1 thereby completing the disengagement of 
the first gear wheel 3 from the input shaft 1. The bars of the second bar set 29 slide along the 
keyways 41 in the input shaft until they engage the second gear wheel 5, thereby completing 
engagement of the second gear wheel 5 with the input shaft l(see Figure 5f). This method of 
selecting gear wheel pairs substantially eliminates torque interruption since the second gear wheel 
pair 17 is engaged before the first wheel pair 15 is disengaged, thus momentarily, the first and 
second gear wheel pairs 15,17 are simultaneously engaged. 

When a gear wheel is engaged by both the first and second bar sets 27,29 it is possible to 
accelerate or decelerate using a gear wheel pair with very little backlash occurring when 
switching between the two conditions. Backlash is tire lost motion experienced when the dog 
moves from the engagement face 43 of the acceleration bar to the engagement face 43 of the 
deceleration bar when moving from acceleration to deceleration, or vice versa. A conventional 
dog-type transmission system has approximately 30 degrees of backlash. A typical transmission 
system for a car in accordance with the current invention has backlash of less than four degrees. 

Backlash is reduced by minimising the clearance required between an engagement member and 
a dog during a gear shift: that is, the clearance between the dog and the following engagement 
member (see measurement 'A' in Figure 5b). The clearance between the dog and the following 
engagementmember is in the range 0.5mm - 0.03mm and is typically less than 0.2mm. Backlash 
is also a function of the retention angle, mat is, the angle of the engagement face 43, which is the 
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same as the angle of the undercut on the engagement face of the dog. The retention angle 
influences whether there is relative movement between the dog and the engagement face 43 . The 
smaller the retention angle, the less backlash that is experienced. The retention angle is typically 
between 2.5 and 15 degrees, and preferably is 15 degrees. 

Transition from the second gear wheel pair 17 to the first. gear wheel pair 15 whilst decelerating 
is achieved by a similar process. 

Whilst decelerating in the second gearwheel pair 17 the engagement surfaces 43 of the bars of 
the first bar set 27 are not loaded, whilst the engagement surfaces 43 of the bars of the second bar 
set 29 are loaded. When a user, or an engine management system (not shown) wishes to engage 
the first gear wheel pair 15, the selector rod 35 is moved such that the fork 46 slides axially 
relative to the input shaft 1. The fork 46 acts on the first disc spring 47 attached to the first bar 
set 27, causing the bars of the first bar set 27 to slide axially in tire keyways 41 along the input 
shaft 1 in the direction of the first gear wheel 3, thereby disengaging the first bar set 27 from the 
second gear wheel 5. 

The fork 5 also acts on the second disc spring 49 but since the bars of the second bar set 29 are 
loaded, i.e. they are drivingly engaged with the dogs 21 on the second gear wheel, the second bar 
set 29 remains stationary, however the second disc spring 49 is biassed by the fork 46 to move 
the second bar set 29 towards the first gear wheel 3. 

As the bars of the first bar set 27 slide axially in the keyways 4 1 , the bars 28 engage the dogs 1 9 
on the first gear wheel and begin to drive the first gear wheel 3 such that energy is transmitted 
from the input shaft 1 to the output shaft 7 by way of the first gear wheel pair 1 5. As this occurs, 
the bars of the second bar set 29 cease to be loaded. The second disc spring 49 acts on the bars 
of the second bar set 29, causing it to slide axially within the keyways 41 along the input shaft 
1 towards the first gear wheel 3, thereby completing disengagement of the second gear wheel 5. 
The second bar set 29 continues to slide within the keyways 41 along the input shaft 1 until it 
engages the first gear wheel 3, thereby completing engagement of the first gear wheel 3 with the 
input shaft 1 . 

Kick-down shifts, that is a gear shift from a higher gear ratio to a larger gear ratio but where 
acceleration takes place, for example when a vehicle is travelling up a hill and the driver selects 
a lower gear to accelerate up the Mil, have a brief torque interruption to allow disengagement 
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prior to the shift. 

A plurality of selector assemblies can be mounted on the input shaft with corresponding pairs of 
gearwheels to provide a larger number of gear ratios between the output shaft and the input shaft. 
It is also possible to have transmission systems with more than two shafts to provide additional 
gear ratios. 

Use of the transmission system leads to improved performance, lower fuel consumption and 
lower emissions since drive interruption has substantially been eliminated. Also the system is a 
more compact design than conventional gearboxes leading to a reduction in gearbox weight. 

The keyways 4 1 can be formed in a separate component from the input shaft which is then fixedly 
attached to the input shaft, for example by using a splined arrangement. The keyways 41 
preferably have dovetailed profiles such that the bars are radially restrained within the keyways 
(see Figure 5). Alternatively, the keyways can have a slotted or T-shaped profile to radially 
restrain the bars. This provides a significant advantage since it obviates the need for the first and 
second connector rings 37,39 to connect the bars together in the first and second bar sets. Tins 
arrangement is preferced since it provides an improved means of restraining the radial position of 
the bars 28,30 relative to the input shaft 1, leading to greater structural integrity of the 
transmission system. Since the connector rings 37,39 are no longer required it is possible to reduce 
the length of the engagement bars 28,30 thereby producing more compact transmission systems. 

Furthermore, it allows embodiments of the invention to be used having only one disc spring 147 
(see Figure 7) connecting all six bars together, i.e. bars from the first and second sets, with the 
actuator arrangement being adapted accordingly. In use, three of the bars would be loaded when 
the first gear is accelerating and three not loaded, and moving the fork to bias the disc spring 
towards the second gear will move the three unloaded bars out of engagement with the first gear 
wheel, leaving three bars still in engagement. Once the bars have engaged with the second gear 
wheel, the remaining three bars will disengage from the first gear wheel, and under the loading 
of the disc spring move into engagement with the second gear wheel. This configuration provides 
a highly compact arrangement leading to smaller, lighter gearboxes. The axial spacebetween the 
first and second gears to accommodate the selector mechanism may be reduced to around 20mm 
for typical road car applications. 

Figure 5a shows a recesses 28c in the top of each bar of the first bar set and a recess 30c in the top 
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of abar from the second bar set. The recesses 28c } 30c allow connections to be made between the 
bars of the first and second bar sets 27,29 with the arms of the first and second disc springs 47,49 
respectively. The shape of the recesses 28c,30c is such that the recesses allow each spring arm to 
move to a non-perpendicular angle relative to the bars 28,30 during a gear shift. 

Therecesses 28c,30c shown in Figure 5a are for atwo disc spring configuration. For embodiments 
having only one disc spring 147 the recesses 28c,30c are located more centrally along the length 
of the bars 28,30. 

When a ring is not used to fix the positions of the bars in a set, the bars in a set can move a small 
amount relative to each other in the axial direction. This is because the only connection between 
the bars in a set is provided by a defonnable disc spring. A single bar is attached to each disc 
spring arm and each arm can deform independently of the others, thereby allowing the relative 
movement between the bars. The bars in a set will nevertheless essentially move in unison. 

It will be appreciated by the skilled man that various modifications can be made to the above 
embodiment that are within the scope of the current invention, for example the number of dogs 
on each of the gear wheels is not limited to three, for example any practicable number of dogs can 
be used. It has been found that two to eight dogs are suitable for most applications. Similarly, the 
number of bars in a bar set can be any practicable number but most preferably the number of bars 
in a set equals the number of dogs in a group. 

The transmission system can be used in any vehicle for example, road cars, racing cars, lorries, 
motorcycles, bicycles, earth removal vehicles such as bulldozers, and military vehicles. The 
system can also be used in any machine mat has first and second rotatable bodies wherein drive 
is to be transmitted from one of the rotatable bodies to the other, for example in lathes and milling 
machines. 

It will also be appreciated by the skilled person that the transmission system can be adapted such 
that the selector assembly and the first and second gear wheels are mounted on the output shaft 
and the fixed gear wheels are mounted on the input shaft 
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Claims 

1. A transmission system including first and second rotatable shafts, and means for 
transferring drive from one of the shafts to the other shaft including first and second gear wheels 
each rotatably mounted on the first shaft and having drive formations farmed thereon, a selector 
assembly for selectively transmitting torque between the first shaft and the first gear wheel and 
between the first shaft and the second gear wheel, wherein the selector assembly includes an 
actuator assembly and first and second sets of engagement members that are moveable into and 
out of engagement with the first and second gearwheels independently of each other, said selector 
assembly being arranged such that when a driving force is transmitted, one of the first and second 
sets of engagement members drivingly engages the engaged gear wheel, and the other set of 
engagement members is men in an unloaded condition, wherein the actuator assembly is arranged 
to move the unloaded set of engagement members into driving engagement with the unengaged 
gear wheel to effect a gear change. 

2. A transmission system according to claim 1 , wherein selector assembly is arranged such 
that when a braking force is transmitted the first set of engagement members drivingly engages 
the engaged gear wheel, and the second set of engagement members is in an unloaded condition, 
and when a driving force is transmitted the second set of engagement members drivingly engages 
the engaged gear wheel, and the second set of engagement members is then in an unloaded 
condition. 

3. A transmission system according to claim 1 or 2, wherein the actuator assembly is 
■arranged to bias theloaded set of engagement members towards the unengaged gearwheel without 
disengaging the loaded set of engagement members from the engaged gear wheel. 

4. A transmission system according to any one of the preceding claims , wherein the first and 
second sets of engagement members are arranged to rotate, in use, with the first shaft. 

5 . A transmi ssion system according to any one of the preceding cl aims, wherein th e first shaft 
is an input shaft and the second shaft is an output shaft and drive is transferred from the input shaft 
to the output shaft. 



WO 2004/099654 



PCT7GB2004/001976 



6 . A transmission system according to any one of the preceding claims, wherein the s elector 
assembly is arranged such that when the first and second sets of engagement members engage one 
of the first and second gear wheels the backlash when moving between acceleration and 
deceleration is less than or equal to four degrees. 

7. A transmission system according to any one of the preceding claims, wherein the drive 
formations on the first and second gear wheels comprise first and second groups of dogs 
respectively. 

8 . A transmission system according to claim 7, wherein the first and second groups of dogs 
each comprise between two and eight dogs, evenly distributed on the first and second gears 
respectively. 

9. A transmission system according to claim 8, wherein the first and second groups of dogs 
each comprise between two and four dogs, and preferably three dogs. 

10. A transmission system according to any one of the preceding claims, wherein the first and 
second sets of engagement members comprise between two and eight members. 

11. A transmission system according to claim 10, wherein the first and second sets of 
engagement members comprise between two and four members, and preferably three members. 

12. A transmission system according to any one of th e preceding claims, wherein the first shaft 
includes keyways arranged such that the first and second sets of engagement members can slide 
axially along the keyways and to radially restrain the positions of the sets of engagement 
members. 

13. A transmission system according to claim 12, wherein the cross-section of the keyways 
is one of T-shaped, slotted, and dovetailed. 

14. A transmission system according to any one of the preceding claims, wherein the actuator 
assembly includes at least one resiliently deformable means arranged to move at least one of the 
first and second sets of engagement members into engagement with the first and second gear 
wheels when the engagement members are in unloaded conditions. 

15. A transmission system according to claim 14, wherein the at least one resiliently 
deformable means is arranged to bias at least one of the first and second sets of engagement 
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members towards the first or second gear wheel when the engagement members are drivingly 
engaged with a gear wheel. 

16. A transmission system according to claims 14 or 15, wherein the actuator assembly 
includes first and second resiliency deformable means connected to the first and second sets of 
engagement members respectively such that the first resiliency deformable means acts on the first 
set engagement members and the second resilientiy deformable means acts on the second set 
engagement members. 

17. A transmission system according to claims 14 or 15, wherein the at least one resilientiy 
deformable means is connected to the first and second sets of engagement members such that the 
resilientiy deformable means acts on both the first and second sets of engagement members. 

18 . A transmission system according to claim 12 to 1 7, wherein the members of the first and 
/ or second sets of engagement members can perform limited axial movement relative to each 
other in the keyways. 

19. A transmission system according to any one of claims 12 to 1 8, wherein the resilientiy 
deformable means is a spring, and preferably a disc spring. 

20. A transmission system according to any one of claim to 19, wherein the disc spring 
includes a plurality of arms, each arm having a first part that extends circuraferentially around a 
portion of the disc spring and a second part that extends substantially radially inwards. 

21. A transmission system according to any one of claims 13 to 20, wherein the actuator 
assembly includes a fork that is arranged to engage the at least one resilientiy deformable means 
to move the at least one radially deformable means axially along the first shaft, 

22. A transmission system according to any one of the preceding claims, wherein the drive 
formations are arranged such that tiiey do not extend beyond the outside diameter of foe gear 
wheels. 
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^ if the torque exceeds the predetennined value when the unengaged gear ratio is engaged by the selector means. 
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Transmission system 

The present invention relates to transmi ssions having control systems for controlling the selection 
of gear ratios. The present invention can be used in conjunction with transmission systems of the 
type described in P CT/GB 2004/001976, and with the apparatus and method for measuring torque 
in a transmission in PCT/GB2004/ filed simultaneously herewith. The features of each of those 
documents are hereby incorporated by reference, though the invention is not to be considered as 
being limited to transmissions of the type described. 

In conventional single clutch synchromesh transmission systems for vehicles it is necessary to - 
disengage the transmission from the power source, such as an engine or motor, by operating the 
clutch before the current gear is deselected and the new gear is engaged. If the power is not 
disengaged when attempting to engage a new gear the synchromesh is unable to engage the new 
gear wheel or has to be forced into engagement with the risk of damaging the transmission and 
creating torque spikes in the transmission. This is because in most cases the speed of the engine 
is not matched to the speed of the new gear. For motor vehicles such as cars having conventional 
gearboxes and powered by an engine, the selection of a new gear ratio typically takes between 
0.5 and 1 second to complete. So, for example, when a higher gear is selected the time delay 
allows the engine to reduce its speed [due to its own inertia] to more closely match the speed of 
the new gear before the clutch re-connects the engine and the transmission, thereby reducing the 
possibility of torque spikes occurring when the power is reapplied. 

In transmission systems where the selection of anew gear ratio takes place almost instantaneously 
without substantial power interruption, such as the transmission described in 
PCT/GB2004/001976, large torque spikes can be generated when the new gear is engaged under 
certain shift conditions. These torque spikes cause shock waves to propagate through the 
transmission that can be heard and felt by the occupants of the vehicle. The Shockwaves can 
produce a jerky ride for the car occupants and can lead to wear of transmission components and 
the possibility of components failing. Nevertheless it is desirable to use such a transmission in 
vehicles since it is more efficient thereby requiring less fuel to operate, produces lower emissions 
and increases the performance of the car since the application of power is substantially 
uninterrupted. 

For a control system to operate successfully it is important for it to incorporate a means of sensing 
operational conditions within the transmission. For example, it is often useful to measure or 
calculate the magnitude and the direction of torque within the transmission to operate control 
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devices that can regulate the torque in the transmission. One approach for measuring torque is to 
mount a torque sensor on a transmission output shaft for measuring the amount of twist occurring 
between two known points on the shaft. Torque sensors are very expensive and therefore rarely 
used in practice. Another drawback is that since the sensor is mounted on the shaft signals must 
be sent from the sensor to a processing unit via a wireless transmission system or otherwise 
contact brushes must be mounted about the shaft. There are difficulties in setting up torque 
sensors using contact brushes and the brushes wear with use and therefore may lead to inaccurate 
readings or failure of the sensor. 

Accordingly the present invention seeks to provide transmissions having a control system for 
controlling the selection of gear ratios that mitigates the problem of torque spikes. 

According to one aspect of the present invention there is provided a transmission having a 
plurality of gear ratios, selector means for selectively engaging the gear ratios, clutch means for 
selectively transmitting drive from a drive source to the transmission, and a control system for 
controlling a clutch torque limit, said control system being constructed and arranged to 
automatically adjust the clutch torque limit value before the sel ector means selects an unengaged 
gear ratio, to allow relative rotational movement between input and output sides of the clutch if 
the torque exceeds the predetermined value when the unengaged gear ratio is engaged by the 
selector means. 

The clutch torque limit is the amount of torque that clutch is arranged to transmit to the 
transmission in a given operational condition. The value of the clutch torque limit canbe adjusted 
by controlling the operational settings of the input and output sides of the clutch. 

Advantageously the control system includes a sensor arranged to detect the operational status of 
the clutch means and an actuator for controlling the clutch torque limit, such that, in use, the 
actuator reduces clutch torque limit until the sensor detects a predetermined operational status 
before selecting an unengaged gearratio. For example, the actuator canbe arranged to control the 
force between clutch engagement members to control the amount of torque transmitted to the 
transmission. 

Advantageously the clutch means is arranged to increase the clutch torque limit when the new 
gear ratio has been selected. 

Preferably the control system is arranged to reduce the clutch torque limit until the input and 
output sides of the clutch slip before the selector means selects an unengaged gear ratio. 
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Preferably sensor means is arranged to detect slip between the input and output sides of the 
clutch, and wherein the actuator for controlling the clutch torque limit reduces the clutch torque 
limit until the sensor means detects slip between the input and output sides of the clutch before 
selecting an unengaged gear ratio. Preferably the clutch means is arranged to increase the clutch 
torque limit when the new gear ratio has been selected. 

Advantageously the control system includes means for controlling the speed and torque of the 
drive source. Preferably the means for controlling the speed and torque of the drive source is an 
engine control unit arranged to adjust engine output when the selector assembly engages the new 
gearratio. 

Advantageously the means for controlling the speed and torque of the drive source is arranged 
to increase or decrease the speed and torque of the drive source to control output torque of the 

s 

transmission when a new gear ratio is selected. 

Preferably the control system includes means for sensing theposition of the selector means within 
the transmission. 

Preferably the control system includes means for sensing the relative rotational positions of a gear 
wheel and the selector means and means for controlling engagement of the gear wheel by the 
selector means according to the sensed rotational positions. 

Preferably the clutch means is one of a clutch, a torque converter, or a torque converter in 
combination with a clutch. 

Preferably the control system includes means for measuring or estimating and recording the 
torque in the transmission before an unengaged gear ratio is selected and means for estimating 
the torque in the transmission after the new gear ratio has been selected. 

Preferably the control system includes means to predict a target torque at the completion of the 
shift control sequence and approach that torque level at a predetermined gradient until the target 
torque is met and the clutch and throttle conditions are reset to the conditions prior to the 
instigation of the shift. 

Preferably the clutch is arranged to be restored to the condition prior to instigation of the shift 
before the final target torque is met and the throttle control alone is used to reach the target torque 
from mat time on. 
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Advantageously the control system includes means for measuring deformation caused by torque 
in the transmission in at least one static component or assembly that is deformed due to torque 
in the transmission, and means for controlling the torque in the transmission, wherein the control 
system is arranged to measure deformation and to adjust the torque in the transmission according 
to the measured deformation and a known relationship between the gear ratios. 

Preferably the known relationship is substantially linear and values corresponding to the 
measured defonnation are adjusted by a scaling factor. 

Preferably the means for measuring deformation measures the amount of torsional deformation 
in the component or assembly. 

Advantageously the means for measuring defonnation determines the direction of torque in the 
transmission. 

Preferably the component or assembly comprises at least one of a transmission bearing, casing, 
support member, mounting, or mounting bolts. Preferably the casing comprises one of the 
gearbox casing and the tail shaft casing. 

Preferably the means for measuring defonnation includes at least one load cell, and preferably 
a plurality of load cells. In one embodiment the means for measuring deformation is mounted on 
a casing having a longitudinal axis and the casing is arranged such that torque in the transmission 
iwistingly deforms the casing about the longitudinal axis. Preferably first and second load cells 
are mounted on the casing such that the defonnation of the casing causes the first and second load 
cells to generate different outputs. Preferably the load cells are arranged in a Wheatstone bridge 
circuit. 

In one embodiment the means for measuring deformation measures the amount of strain in the 
component or assembly. The means for measuring defonnation includes at least one strain gauge. 
Preferably the strain gauge is arranged in a Wheatstone bridge circuit. 

Preferably the transmission system includes first and second rotatable shafts, and means for 
transferring drive from one of the shafts to the other shaft including first and second gear wheels 
each rotatably mounted on the first shaft and having drive formations formed thereon, selector 
assembly for selectively transmitting torque between the first shaft and the first gear wheel and 
between the first shaft and the second gear wheel, wherein the selector assembly includes an 
actuator assembly and first and second sets of engagement members that are moveable into and 
out of engagement with the first and second gear wheels independently of each other, said 
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selector assembly being arranged such that when, a driving force is transmitted, one of the first 
and second sets of engagement members drivingly engages the engaged gear wheel, and the other 
set of engagement members is then in an unloaded condition, wherein the actuator assembly is 
arranged to move the unloaded set of engagement members into driving engagement with the 
unengaged gear wheel to effect a gear change. 

The selector assembly can be arranged such that when a braking force is transmitted the first set 
of engagement members drivingly engages the engaged gear wheel, and the second set of 
engagement members is in an unloaded condition, and when a driving force is transmitted the 
second set of engagement members drivingly engages the engaged gear wheel, and the second 
set of engagement members is then in an unloaded condition. 

The actuator assembly can be arranged to bias the loaded set of engagement members towards 
the unengaged gear wheel without disengaging the loaded set of engagement members from the 
engaged gear wheel. 

The first and second sets of engagement members can be arranged to rotate, in use, with the first 
shaft. Preferably the first shaft is an input shaft and the second shaft is an output shaft and drive 
is transferred from the input shaft to the output shaft. 

An embodiment of the present invention will now be described, by way of example only, with 
reference to the accompanying drawings in which like references indicate equivalent features, 
wherein: 

Figure la is a sectional general arrangement of a transmission system in accordance with 
the present invention; 

Figure lb is a perspective view of the outer casings of the transmission of Figure la; 

Figure lc is a schematic of a control system in accordance with the current invention; 

Figure Id is a graph of torque v tune for a gear change from first to second gear; 

Figure 2 is a perspective view of part of a selector assembly; 

Figure 3 illustrates the arrangement of a group of dogs on a side of a gear; 

Figure 4 is a plan view of a disc spring; 

Figures 5a-f illustrate diagrammatically operation of the selector assembly; 
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Figure 6 is a schematic showing operation of the control system when selecting a higher 
gear; 

Figure 7 is a graph showing clutch pressure against time; 

Figure 8 is a schematic showing operation of the control system when selecting a lower 
gear; 

Figure 9 shows a circuit diagram for a strain gauge; 

Figure 10 is a sectional view of an output shaft showing an alternative arrangement for 
attaching the engagement bars to the output shaft; and 

Figure 1 1 is a plan view of a disc spring for a second embodiment of the invention; 

Figures la and lb show a transmission system arranged for use in a vehicle such as a motor car 
and Figure lc is a schematic of a control system for controlling the selection of gear ratios. The 
transmission system comprises an output shaft 1 having first and second gear wheels 3 ,5 mounted 
thereon, an input shaft 7 having third and fourth gear wheels 9, 1 1 mounted thereon and a selector 
assembly 13. The first and second gearwheels 3,5 are rotatably mounted on the output shaft 1 
and the third and fourth gear wheels 9, 11 are formed integrally with the input shaft 7 and are 
locked for rotation therewith. The first and second gear wheels 3,5 mesh with third and fourth 
gear wheels 9,11 respectively, which are formed integrally with the input shaft to fonn first and 
second gearwheel pairs 15,17. The input shaft 7 is connected to a clutch 2 having first and second 
clutch plates 4,6. The first clutch plate 4 is connected by a first shaft 8 to the output of an engine 
10 and the second clutch plate 6 is connected by a second shaft 12 to the input shaft 7 via a fifth 
gear wheel 14. The fifth gear wheel 14 is locked for rotation with the second shaft 12. The 
arrangement is such that the clutch 2 can selectively apply drive from the engine 10 to the 
transmission output shaft 1, via the input shaft 7 and gear ratios 15,17, 

First and second sensors 16,1 8 are located in the clutch 2 to measure the rotational speeds of the 
first and second clutch plates 4,6 respectively. The first and second sensors 1 6, 1 8 are Hall Effect 
type sensors but other types of sensor such as optical sensors or gear wheel speed measurement 
devices can be used. The first and second sensors 16,18 are connected to a computer processor 
20 that controls the operation of the control system. Optionally, a third sensor 1 8b can be used 
to measure the rotational speed of the engine output shaft. The clutch 2 includes an actuator 22 
for controlling the pressure, and hence the amount of friction, between the first and second clutch 
plates 4,6 and hence the torque that can be transmitted from the engine 1 0 to the transmission. 
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The actuator 22 is controlled electronically by signals received from the computer processor 20 
to increase or decrease the pressure between the first and second clutch plates 4,6 and thereby 
control whether the first and second clutch plates rotate at the same speed (fully engaged) or 
whether they move relative to each other (slip occurring). The computer processor 20 can detect 
slip in the clutch 2 from the measured speed of the engine output shaft by detecting changes in 
the speed and known properties of the transmission, such as which gear ratio is engaged and the 
number of teeth each gear wheel has. Similarly the computer processor 20 can detect clutch slip 
by comparing the speed sensors on either side of the clutch. The processor 20 can determine 
which gear is engaged by reading the speed sensors on the output side of the clutch (gearbox 
input speed) and gearbox output speed. 

The computer processor 20 is also connected to a throttle control mechanism 24 for controlling 
the speed and torque output of the engine 1 0. The throttle control mechanism 24 is a throttle pots 
mechanism that is arranged to selectively override the driver's control of the engine to enable the 
control system to more closely control the torque output of the engine to assist with maintaining 
a target gearbox output torque gradient during rapid gear engagement. Signals sent from the 
computer processor 20 to the throttle pots 24 can increase or decrease the engine speed or torque 
in accordance with Hie control signals received, thereby controlling the rotational speed of the 
first shaft 8 and the first clutch plate 4. The speed of the engine 10 is measured using a 
conventional sensor the output of which is connected to the computer processor 20. 

The effect of torque spikes caused when the selector assembly 13 engages a new gear ratio can 
be reduced to an acceptable level, that is to a level that cannot be detected by the occupants of the 
vehicle, by reducing the pressure between the first and second clutch plates 4,6 before the new 
gear ratio is selected without fully disengaging the plates to allow the clutch plates to slip 
(relative rotational movement between the clutch plates) when the selector assembly 1 3 engages 
the new gear wheel and generates a torque spike in the transmission. Preferably the pressure 
between the clutch plates 4,6 is reduced to approximately the onset of slip immediately after a 
gear change has been initiated, for example manually by the driver moving a gear stick 26 or 
automatically by the control system after measuring a certain engine speed, but before the new 
gear is engaged. The torque spike generated by the selector assembly 1 3 engaging the new gear- 
wheel is dissipated because it causes rapid slip between the clutch plates 4,6 since the clutch 
plates are already at the onset of slip before receiving the additional load caused by the torque 
spike. This also allows the engine 1 0 time to adjust its speed to match the speed of the new gear 
ratio. 
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The clutch 2 is housed in a first casing 32, commonly known as a bell housing , and the 
transmission is housed in a second casing 34, known as the gearbox casing. Thebell housing 32 
comprises is a substantially frustum tubular member and the gearbox casing 34 comprises a 
tubular member having a rectangular cross-section. First and second end plates 36,38 are each 
attached to the gearbox casing 34 by bolts. The end plates 36,38 can be detached from the 
gearbox casing 34 to allow maintenance work to be undertaken. The bell housing 32 is fixed to 
first end plate 36 by bolts (not shown). The first end plate 36 has a through hole 40 and the 
second shaft 12 extends from the second clutch plate 6 through the hole 40 and into the gearbox 
casing 34. The first shaft 8 is supported by a bearing 42 within the gearbox casing for rotational 
movement relative to the gearbox casing. The bearing 42 is press fit into the first end plate 36. 

The input shaft 7 is supported by two bearings 44 for rotational movement relative to the gearbox 
casing 34. The bearings 44 are press fit into the first and second end plates 36,38. 

The second end plate 38 has a through hole 48 and the output shaft 1 extends through the hole 
48, into a third casing 50, also known as a tail shaft casing. The output shaft 1 is supported by a 
bearing 52 that is press fit in the second end plate 38 for rotational movement relative to the 
gearbox casing 34. The tail shaft casing 50 is fixed to the second end plate 3 8 by a sleeve 52 that 
is welded to the second end plate. The tail shaft casing 52 comprises a substantially cylindrical 
tube with a closed end 54 that is arranged co-axially with the output shaft 1 . There is a hole 56 
in the end of the tail shaft casing 50 and the output shaft 1 extends through the tail shaft casing 
50 and through the hole 56 for connection with a differential (not shown). The output shaft 1 is 
supported for rotational movement relative to the tail shaft casing 50 by a bearing 58. 

A substantially rigid support arrangement 60 for supporting first and second load cells 62,64 is 
mounted on the underside of the tail shaft casing. The support arrangement 60 is mounted 
perpendicularly to the longitudinal axis of the tail shaft casing and hence the output shaft 1 . The 
load cells 62,64 rest on a chassis bar (not shown), which is a structural member of the chassis 
extending laterally across the chassis, but are not attached to the chassis bar. 

When the output shaft 1 is driven by the engine 10 via the transmission system, torque is 
ti-ansmitted from the input and output shafts 7,1, along a load path including the bearings 
42,44,52,58, the gearbox casing 34, first and second end plates 36,3 8 and the tail shaft casing 50. 
The torque in the input and output shafts 7, 1 causes the bearings 42,44, 52,5 8 , the gearbox casing 
34, the first and second end plates 36,38 and the tail shaft casing 50 to deform. The extent of the 
deformation is proportional to the magnitude of the torque in the output shaft 1 and therefore the 
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extent of deformation measured can be used to control the amount of torque applied to the 
transmission when selecting between gear ratios. The direction of torque is important since it 
indicates whether the engine, vehicle or transmission is under going acceleration or deceleration 
(braking). 

In the present embodiment the magnitude and the direction of the torque in the transmission is 
measured using the load cell arrangement shown in Figure lb. When torque is transmitted to the 
tail shaft casing 50, the casing deforms by twisting. The support arrangement 60 twists with the 
tail shaft casing 50 thereby causing one of the first and second load cells 62,64, to increase the 
force applied to the chassis bar and the other load cell to reduce the load applied to the chassis 
bar. Readings can be taken from the load cells 62,64. The magnitude of the difference between 
the readings from the first and second load cells 62,64 is proportional to the amount of 
deformation of the tail shaft casing 50 and hence the magnitude of the torque in the transmission. 
Direction of the torque is established by determining which of the first and second load cells 
62,64 has the larger reading. 

The tail shaft casing 50 defonns by a different amount for a given magnitude of torque in the 
output shaft 1 when different gear ratios are engaged by the selector mechanism 13. This is 
because of the different relative positions of the gear wheels along the shafts 1,7, the physical 
pi*op erties of the gear wheels such as size, geometry, materials used, tooth fonn etc. Therefore 
it is necessary to adjust the values of deformation measured when comparing measured values 
generated when different gear ratios are engaged by the selector mechanism. Otherwise 
equivalent measured values would relate to different values of torque in the output shaft 1 . 

The relationship between the amount of deformation caused in the tail shaft casing 50 when the 
selector assembly 13 engages different gear ratios, for example the first and second gear ratios 
15,17, is known and therefore the amount of torque in the transmission can be controlled by 
measuring deformation in the tail shaft casing 50, or some other component or assembly that 
supports or houses rotatable transmission components. Typically the relationship is substantially 
linear and therefore the amount of deformation measured when the first gear ratio 1 5 is engaged 
can be multiplied by a scaling factor for comparison with deformation measured when the second 
gear ratio 1 7 is engaged. In some embodiments the relationship may be non-linear. 

It is necessary for the control system to know the correct relationship to apply when selecting 
between gear ratios. When more than one selection can be made, and hence a plurality of 
relationships exist between different ratios, it is necessary for the control system to know the 
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position of the selector assembly 13 so that it can identify the gear ratio currently engaged, the 
gear ratio newly selected and the relationship between those gear ratios for adjusting the amount 
of deformation measured, This can be achieved using position sensors 70. The sensors 70 can be 
Hall Effect sensors, mechanical switches or optical sensors. The sensors 70 are connected to the 
computer processor 20 to accurately inform the processor of position of the bar sets and hence 
which gear ratio is engaged. It also provides additional means for controlling actuation of the 
selector rod 35 and provides a means of confirming that a gear change has taken place. 

When an unengaged gear ratio is selected the amount of torque in the transmission changes and 
is determined by the gear ratio selected. For example, a lower gear (e.g. 1 st gear in a vehicle) 
produces more torque in the transmission than selection of a higher gear (e.g. 2 " d gear in a 
vehicle). When the new gear ratio is selected the torque in the transmission has to adjust from that 
determined by the old gear ratio to that determined by the new gear ratio. It is preferable to 
control the increase or decrease in torque in the transmission to provide a smoother gear 
transition. 

This is achieved by measuring the deformation in the tail shaft casing 50 immediately after a gear 
change has been initiated but before the gear selection is made, and after the new gear ratio has 
been selected. The control system uses the known relationship between the two gear ratios to 
adjust the deformation measurements made. The first and second load cells 62,64 are connected 
to the computer processor 20. The computer processor controls the magnitude of the torque in the 
transmission by monitoring the amount of deformation in the tail shaft casing 5 0 and controlling 
the pressure between the clutch plates 4,6 with the clutch actuator 22 and the engine speed and 
torque with the throttle pots 24 to allow the torque to increase or decrease in a controlled manner, 
for example at a predetermined rate, to provide a smooth gear change. The control system can 
maintain the torque within a predetermined tolerance range of a selected value. 

The control system minimises the effect of the torque spike caused when a new gear ratio is 
engaged by adjusting the torque to the level it was prior to the gear change so that the control 
system follow a torque gradient to a target torque for the new ratio. 

It is also possible to calibrate the torque in the output shaft 1 with the deformation measured, 
which may be measured for calibration purposes only with a conventional torque sensor. Hence 
there is a known relationship between the amount of deformation measured and the magnitude 
of torque acting on the output shaft 1 . However, this is not necessary for the control system to 
obtain smooth gear changes since it is only necessary to maintain and / or control the rate of 
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change of torque rather than control the absolute magnitude of torque, which can be achieved by 
monitoring the amount of deformation in the tail shaft casing 50 as the control system adjusts the 
clutch pressure and throttle. 

Rotational drive is transferred from the input shaft 7 to the output shaft 1 via either the first or 
second gear wheel pairs 15,17, with selection of the gear wheel pairs being determined by the 
position of the selector assembly 13. The selector assembly 13 engages first and second groups 
of drive formations 1 9,21 located on the first and second gear wheels 3,5 respectively. 

The drive formations each comprise groups of dogs. The first dog group 19 is located on one side 
of the first gear wheel 3. The dogs are preferably formed integrally with the first gear wheel, but 
this is not essential. The first dog group 19 comprises three dogs evenly circumferentially 
distributed about the gear face, i.e. the angle subtended between the centres of a pair of dogs is 
approximately 120 degrees (see Figure 3). The second dog group 21, comprises three dogs and 
is similarly arranged on one side of the second gear wheel. Three dogs are used because this 
arrangement provides large engagement windows, that is the spaces between the dogs, to receive 
the selector assembly 13. Large engagement windows provide greater opportunities for the 
selector assembly to fully engage the gear wheels 3,5 before transmitting drive thereto. If the 
selector assembly 13 drives a gear wheel when only partially engaged it can lead to damage of 
the dogs and / or the selector assembly 13. 

The first and second gear wheels 3,5 are mounted spaced apart on the output shaft 1 on roller 
bearings 23,25 and are arranged such that the sides including the first and second dog groups face 
each other. 

The selector assembly 13 includes first and second sets of engagement bars 27,29 and an actuator 
assembly 3 1 in the form of a fork assembly 33 and a selector rod 35. 

The first and second sets of engagement bars 27,29 are mounted on the output shaft 1 between 
the first and second gear wheels 3,5. Referring specifically to Figure 2, the first set of engagement 
bars 27 comprises three bars 28 attached to a first connector ring 37, for example using grub 
screws. The first connector ring 37 holds the bars 28 in a fixed arrangement. The bars 28 are 
evenly distributed about the inner circumference of the first comiector ring 37 such that their 
bases face inwards, and the bars 28 are arranged substantially parallel. The second set of 
engagement bars 29 comprises three bars 30 which are held in a similar fixed arrangement by a 
second connector ring 39. 
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The first and second engagement bar sets 27,29 are mounted on the output shaft 1 between the 
first and second gear wheels 3,5. The sets of engagement bars 27,29 are arranged to rotate with 
the output shaft 1 but are able to slide axially along the shaft in response to a switching action of 
the actuator assembly 3 1 . To facilitate this, the output shaft 1 includes six keyways 41 formed in 
its curved surface with each engagement bar 28 ,30 having a complementary formation in its base. 
The arrangement of the bar sets 27,29 is such that bars of aparticular set are located in alternate 
keyways 4 1 and the bar sets 27,29 can slide along the output shaft 1 . Each bar set 27 ,29 moves 
as a unit and each bar set can move independently of the other. When there is relative movement 
between the first and second sets of bars 27,29, the second connector ring 39 slides over the first 
set of bars 27 and the first connector ring 37 slides over the second set of bars 29. 

Each bar 28 in the first bar set 27 has a first end 28a arranged to engage the first group of dogs 
1 9 attached to the first gear wheel 3 and a second end 28b arranged to engage the second group 
of dogs 21 on the second gear wheel 5. The first and second ends 28a,28b typically have the same 
configuration but are opposite handed, such that the first end 28a is arranged to engage the first 
group of dogs 19 during deceleration of the first gear wheel 3 and the second end 28b is arranged 
to engage the second group of dogs 21 during acceleration of the second gear wheel 5. Eachbar 
30 in the second bar set 29 is similarly arranged, except that the first end 30a is arranged to 
engage the first group of dogs 1 9 during acceleration of the first gear wheel 3 and the second end 
30b is arranged to engage the second group of dogs 21 during deceleration of the second gear 
wheel 5. 

When both the first and second sets of engagement bars 27,29 engage a gear wheel drive is 
transmitted from the input shaft 7 to the output shaft 1 whether the gear is accelerating or 
decelerating. 

The first and second ends 28a,30a,28b,30b of eachbar include a substantially vertical face 43 for 
engaging dogs 19,21 and a ramp 45 that slopes in the direction of the engagement face 43 to 
ensure that the bars 28 ,3 0 disengage from the dogs 1 9,2 1 to prevent the transmission from locking 
up. When the bars of the first and second sets 27,29 are interleaved, as in Figure 2, the dog 
engagement faces 43 of the first end 28a of the first set of bars 27 are adjacent the dog 
engagement faces 43 of the first end 30a of the second set of bars 29. When the first and second 
sets of bars 27,29 are fully engaged with a gear a dog is located between each pair of adjacent 
engagement faces 43. The dimensions of the dogs 19,21 and the ends of the bars are preferably 
such that there is little movement of a dog between the engagement face 43 of the acceleration 
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bar and the engagement face 43 of the deceleration bar when the gear moves from acceleration 
to deceleration, or vice versa, to ensure that there is little or no backlash in the gear. 

Preferably the bars are configured to be close to the output shaft 1 to prevent significant cantilever 
effects due to large radial distances of loaded areas thus reducing the potential for structural 
failure. 

The actuator assembly 3 1 is arranged such that the fork assembly 33 is mounted on the selector 
rod 35, and the selector rod is provided parallel to the output shaft 1 and adjacent thereto. The 
fork assembly 33 includes a fork 46 and first and second annular disc springs 47,49 mounted 
about the output shaft 1 (see Figure la). The first and second disc springs 47,49 have three arms, 
with each arm having a first part that extends circumferentially around a part of the spring and 
a second part that extends radially inwards (see Figure 4). 

The fork 46 has a first pair of arcuate members 5 1 arranged to engage the first disc spring 47 . The 
arcuate members 5 1 are arranged such that the first disc spring 47 can rotate with the output shaft 
1 between the arcuate members 5 1 and such that axial movement of the fork 46 parallel to the 
output shaft 1 moves the arcuate members 51 and hence the first disc spring 47 axially along the 
shaft if the first disc spring 47 is free to move, or biases the first disc spring 47 to move in the 
same direction as the fork 46 if the first disc spring 47 is unable to move. The fork 46 has a 
second pair of arcuate members 53 arranged to engage and act upon the second disc spring 49 in 
a similar manner. 

The position of the fork 46 relative to the first and second gear wheels 3,5 can be adjusted by 
movement of the selector rod 35 in the axial direction. 

The inner edges of the first disc spring 47 are fixed to the bars 28 in the first bar set 27 and the 
inner edges of the second disc spring 49 are fixed to the bars 30 in the second bar set 29. When 
the fork 46 moves, thereby moving or loading the disc springs 47,49 the engagement bar sets 
27,29 are likewise moved or biased to move. 

The transmission can be arranged as manual gear shift wherein gears are selected by moving a 
gear stick between predetermined positions (as shown in Figure lb), a semi-automatic 
transmission wherein the driver initiates a gear change by controlling electronic switches, for 
example paddles mounted adjacent the steering wheel, or. fully automatic wherein the control 
system causes the transmission system to change gear according to certain predetermined 
conditions, including for example engine speed and torque. 
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The processes of selecting a higher gear (i.e. second gear wheel pair 17) when a vehicle is 
accelerating (so called up shift) and a lower gear (i.e. first gear wheel pair 1 5) when the vehicle 
is decelerating (so called breaking down shift) using the control system will now be described 
with reference to Figures 5a-5f which for clarity illustrate diagrammatically the movement of the 
first and second bar sets 27,29 by the relative positions of only one bar from each set, Figures 1 a- 
c and Figures 6 to 9. 

Figure 5c shows a condition when the first gear wheel 3 is fully engaged, that is, the bars 28,30 
are interleaved with the first group of dogs 19. The selector rod 35 is located such that the fork 
46 maintains the first and second bar sets 27,29 in engagement with the first gear wheel 3. 
Accordingly, drive is transferred to the output shaft 1 via the first gear wheel pair 15 by the first 
bar set 27 when decelerating and the second bar set 29 when accelerating. 

Whilst accelerating (first gear wheel 3 rotating in the direction of arrow B in Figure 5 c) using the 
first gear wheel pair 1 5, the engagement faces 43 of the bars of the first bar set 27 are not loaded, 
whilst the engagement faces 43 of the bars of the second bar set 29 are loaded. When a user, or 
the control system, initiates selection of the second gear wheel pair 1 7, the computer processor 
takes measurements from the first and second load cells 62,64 and compares the values measured. 
If the value measured by the second load cell 64 is greater than that measured by the first load cell 
62 this indicates to the control system that the engine is accelerating and the gear change is 
allowable. The processor 20 then sends control signals to the clutch actuator 22 to adjust the 
pressure between the first and second clutch plates 4,6. The rotational speed of each clutch plate 
is measured by the clutch plate sensors 16,18. Whilst the clutch plates are fully engaged the 
sensors 16,18 will show that they are rotating at the same speed. As the pressure between the 
clutch plates 4,6 reduces a condition will be reached where the torque transmitted by the clutch 
2 will overcome the friction between the first and second plates 4,6 causing the first and second 
plates 4,6 to move relative to each other (onset of slip B see Figure 7). The computer processor 
20 will detect the onset of slip when there is araeasured difference between the rotational speeds 
- of the first and second clutch plates 4,6. The processor 20 then instructs the actuator 22 to 
maintain this pressure (the "slip pressure"). 

After the computer processor 20 has measured deformation prior to the shift, the processor 20 
calculates the amount by which the measurement from the load cells 62,64 needs to be adjusted 
to cause the torque value in the transmission to match the torque prior to the shift when the new 
ratio is engaged (each ratio causes a different reading in the load cells 62,64 even when output 
torque is maintained during a shift as the moment forces change due to the different axial 
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position, gear diameter, and ratio of each gear). This becomes the first target value upon 
engagement of the new ratio. 

The processor 20 sends control signals to actuate the selector rod 35 such that the fork 46 acts on 
the first disc spring 47, causing the bars of the first bar set 27 to slide axially along the keyways 
41 in the output shaft 1 thereby disengaging the bars from the first gear wheel 3 (see Figure 5d). 

The fork 46 also acts on the second disc spring 49 to bias the bars of the second bar set 29 to 
move towards the second gear wheel 5. However, because the bars of the second bar set 29 are 
loaded, i.e. are driving the first gear wheel 3, they cannot be disengaged from the first gear wheel 
3, and therefore the bars of the second bar set 29 remain stationary. 

When the bars of the first bar set 27 slide axially along the output shaft 1 , the engagement faces 
43 engage the second group of dogs 2 1 (see Figure 5e) on the second gear wheel 5. As this occurs 
the rotation of the second gear wheel 5 is substantially instantaneously locked to the rotation of 
the output shaft 1 which generates a torque spike in the transmission. The torque spike causes 
substantial slip between the first and second clutch plates 4,6 since the clutch plates 4,6 were 
being maintained at the slip pressure, thus dissipating the energy in the torque spike. At the same 
time the computer processor 20 measures the amount of deformation in the tail shaft casing 50, 
and sends control signals to the clutch actuator 22 and to the throttle pots 24 to adjust the pressure 
between the first and second clutch plates 4,6 and to adjust the speed and torque of the engine 1 0 
to cause the deformation measured by the load cells 62,64 to adjust to the final target value for 
the new ratio in a controlled manner, for example at a predetermined rate. The control system 
prioritises restoring the clutch 2 to full pressure to limit clutch wear and adjusts the engine speed 
and torque to allow this to happen, without exceeding the target load cell value at any time until 
the final target value is reached. When the clutch 2 is fully engaged control of the throttle is then 
returned to the driver as quickly as possible without exceeding the target load cell value set 
tolerances at any time until the final target value for the new ratio is achieved whereupon throttle 
is returned to driver control and the clutch is restored to full in gear pressure. 

The bars of the first bar set 27 then begin to drive the second gear wheel 5 in the direction of 
Arrow C in Figure 5e and energy is transmitted from the output shaft 1 to the input shaft 7 by way 
of the second gear wheel pair 17. As this occurs, the bars of the second bar set 29 cease to be 
loaded, and are free to disengage from the first group of dogs 1 9. Since the second disc spring 49 
is biased by the fork 46, the bars of the second bar set 29 slide axially along the keyways 4 1 in 
the output shaft 1 thereby completing the disengagement of the first gear wheel 3 from the output 
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shaft 1. The bars of the second bar set 29 slide along the keyways 41 in the output shaft 1 until 
they engage the second gear wheel 5, thereby completing engagement of the second gear wheel 
5 with the output shaft 1 (see Figure 5f). This method of selecting gear wheel pairs substantially 
eliminates torque interruption since the second gear wheel pair 17 is engaged before the first 
wheel pair 15 is disengaged, thus momentarily, the first and second gear wheel pairs 15,17 are 
simultaneously engaged. 

When a gear wheel is engaged by both the first and second bar sets 27,29 it is possible to 
accelerate or decelerate using a gear wheel pair with very little backlash occurring when 
switching between the two conditions. Backlash is the lost motion experienced when the dog 
moves from the engagement face 43 of the acceleration bar to the engagement face 43 of the 
deceleration bar when moving from acceleration to deceleration, or vice versa. A conventional 
dog-type transmission system has approximately 30 degrees of backlash. A typical transmission 
system for a car in accordance with the current invention has backlash of less than four degrees. 

Backlash is reduced by miiumising the clearance required between an engagement bar and a dog 
during a gear shift: that is, the clearance between the dog and the following engagement bar (see 
measurement A' in Figure 5b). The clearance between the dog and the following engagement bar 
is in the range 0.5mm - 0.03mm and is typically less than 0.2mm. Backlash is also a function of 
the retention angle, that is, the angle of the engagement face 43, which is the same as the angle 
of the undercut on the engagement face of the dog. The retention angle influences whether there 
is relative movement between the dog and the engagement face 43. The smaller the retention 
angle, the less backlash that is experienced. The retention angle is typically between 2.5 and 15 
degrees, and preferably is 15 degrees. 

Transition from the second gear wheel pair 17 to the first gear wheel pair 15 whilst decelerating 
is achieved by a similar process. 

Whilst decelerating in the second gear wheel pair 17 the engagement surfaces 43 of the bars of 
the first bar set 27 are not loaded, whilst the engagement surfaces 43 of the bars of the second bar 
set 29 are loaded. When a driver or the control system initiates a gear change to engage the first 
gear wheel pair 1 5, the processor 20 sends control signals to the clutch actuator 22 to adjust the 
pressure between the first and second clutch plates 4,6. The speed of each clutch plate 4,6 is 
measured by the clutch plate sensors 16,18. Whilst the clutch plates 4,6 are fully engaged the 
sensors will show that they are rotating at the same speed. As the pressure between the clutch 
plates 4,6 reduces a condition will be reached where the torque transmitted by the clutch will 
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overcome the friction between the first and second plates 4,6 causing the first and second plates 
to move relative to each other (onset of slip B see Figure 7). The computer processor 20 will 
detect the onset of slip when there is a measured difference between the rotational speeds of the 
first and second clutch plates. The processor then instructs the actuator 22 to maintain the 
pressure at the slip pressure. The processor then takes measurements from the first and second 
load cells 62,64 and compares the values measured. The computer processor 20 records the 
amount of deformation in the tail shaft casing 50 and the direction of the torque. 

After the computer processor 20 has measured deformation prior to the shift, the processor 20 
calculates the amount by which the measurement from the load cells 62,64 needs to be adjusted 
to cause the torque value in the transmission to match the torque prior to the shift when the new 
ratio is engaged (each ratio causes a different reading in the load cells 62,64 even when output 
torque is maintained during a shift as the moment forces change due to the different axial 
position, gear diameter, and ratio of each gear). This becomes the first target value upon 
engagement of the new ratio. 

If the value measured by the first load cell 62 is greater than the second load cell 64 this indicates 
that the engine 10 is decelerating and an engine braking down shift has been initiated. The 
processor then sends control signals to actuate the selector rod 35 such that the fork 46 slides 
axially relative to the output shaft 1 . The fork 46 acts on the first disc spring 47 attached to the 
first bar set 27, causing the bars of the first bar set 27 to slide axially in the keyways 41 along the 
output shaft 1 in the direction of the first gear wheel 3, thereby disengaging the first bar set 27 
from the second gear wheel 5. 

The fork 5 also acts on the second disc spring 49 but since the bars of the second bar set 29 are 
loaded, i.e. they are drivingly engaged with the dogs 2 1 on the second gear wheel, the second bar 
set 29 remains stationary, however the second disc spring 49 is biased by the fork 46 to move the 
second bar set 29 towards the first gear wheel 3. 

As the bars of the first bar set 27 slide axially in the keyways 41 , the bars 28 engage the dogs 1 9 
on the first gear wheel 3. As this occurs the rotation of the first gear wheel 3 is substantially 
instantaneously locked to the rotation of the output shaft 1 which generates a torque spike in the 
transmission. The torque spike causes substantial slip between the first and second clutch plates 
4,6 since the clutch plates were being maintained at the slip pressure, thus dissipating the energy 
in the torque spike. At the same time the computer processor 20 measures the amount of 
deformation in the tail shaft casing 50, and sends control signals to the clutch actuator 22 and to 
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the throttle pots 24 to adjust the pressure between the first and second clutch plates 4,6 and to 
adjust the speed and torque of the engine 1 0 to cause the deformation measured by the load cells 
62,64 to adjust to the final target value for the new ratio in a controlled manner, for example at 
a predetermined rate. The control system prioritises restoring the clutch 2 to full pressure to limit 
clutch wear and adjusts the engine speed and torque to allow this to happen, without exceeding 
the target load cell value at any time until the final target value is reached. When the clutch 2 is 
fully engaged control of the throttle is then returned to the driver as quickly as possible without 
exceeding the target load cell value set tolerances at any time until the final target value for the 
new ratio is achieved whereupon throttle is returned to driver control and the clutch is restored 
to full in gear pressure. 

When the bars 28 engage the dogs 19 on the first gear wheel 3 they begin to drive the first gear 
wheel 3 such that energy is transmitted from the input shaft 7 to the output shaft 1 by way of the 
first gear wheel pair 15. As this occurs, the bars of the second bar set 29 cease to be loaded. The 
second disc spring 49 acts on the bars of the second bar set 29, causing it to slide axially within 
the keyways 41 along the output shaft 1 towards the first gear wheel 3> thereby completing 
disengagement of the second gear wheel 5. The second bar set 29 continues to slide within the 
keyways 41 along the output shaft 1 until it engages the first gear wheel 3, thereby completing 
engagement of the first gear wheel 3 with the output shaft 1 . 

If the second load cell 64 has a higher value than the first load cell 62 there is engine acceleration 
and the driver / control system is trying to perform a kick down gear change, that is a gear shift 
from a higher gear to a lower gear to accelerate the vehicle, for example when a vehicle is 
travelling up a hill and the driver selects a lower gear to accelerate up the hill . In this instance the 
engagement surfaces 43 of the bars of the second bar set 29 are not loaded, whilst the engagement 
surfaces 43 of the bars of the first bar set 27 are loaded. Under these circumstances it is not 
possible to engage the new gear until the previous ratio is fully disengaged. To achieve this, the 
computer processor 20 momentarily cuts the fuel supply to the engine to allow the previous gear 
ratio to fully disengage before engaging the lower gear. The control system then uses the 
engagement bars of the second bar set 29 to engage the first gear wheel 3 in a similar manner as 
described above. The gear change is then made in a similar fashion to the engine braking down 
shift. 

Figure 5a shows the first and second bar sets 27,29 in a neutral position, that is, neither bar set 
is engaged with a gear wheel, the engine is idling. Figure 5b shows the first and second bar sets 
moving into engagement with the first gear wheel 3 under the action of the fork 46. The process 
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of moving from a neutral position into engagement with the first gear wheel 3 is substantially the 
same as an accelerating up shift. 

Use of the fransmission system leads to improved performance, lower fuel consumption and 
lower emissions since drive interruption has substantially been eliminated. Also the system is a 
more compact design than conventional gearboxes leading to a reduction in gearbox weight. The 
control system reduces the effects of torque spikes by preventing Shockwaves from propagating 
throughout the transmission, leading to smooth gear changes. 

It will be appreciated by the skilled man that various modifications can be made to the above 
embodiment that are within the scope of the current invention, for example a plurality of selector 
assemblies can be mounted on the output shaft with corresponding pairs of gear wheels to provide 
a larger number of gear ratios between the output shaft and the input shaft. It is also possible to 
have transmission systems with more than two shafts to provide additional gear ratios. 

A torque converter can be used instead of a clutch, or in combination with a clutch or in 
combination with a plurality of clutches. For example, the output from an engine can be 
connected in series to a torque converter and then to a clutch. Alternatively, the output from an 
engine can be connected in series with a torque converter and then in parallel to a network of 
clutches. The term clutch means should be understood to include all of the above-mentioned 
combinations. 

The load cells may be mounted on the gearbox casing or some other component or assembly that 
supports or houses rotatable transmission components. 

Figure 9 shows a strain gauge 66 and a Wheatstone bridge circuit 68 that can be used to measure 
the magnitude of torque in the output shaft 1. The strain gauge 66 works on a similar principle 
to the load cells in that it measures strains in components or assemblies that house or support 
rotatable transmission components along the torque load path such as bearing casings, bearing 
mountings, the gearbox casing 34, the gearbox casing end plates 36,38, the bolts used to attach 
the endplates 36,38 to the gearbox casing 34 and the tail shaft casing 50. Strain gauges 66 may 
also be located on a differential. 

Strain is the ratio of the change in a dimension to the original dimension. The strain gauge 66 is 
fixedly attached to a component or assembly that houses or supports rotatable transmission 
components for example by using a cement or adhesive. Any distortion in the component / 
assembly caused by torque within the transmission will also cause a distortion of the strain gauge 
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66. The gauge 66 contains conducting material and the distortion therefore results in a change in 
its resistance. By measuring this change in resistance the strain can be determined. The change 
in resistance is measured through the Wheatstone bridge circuit 68. This has 4 aims, arranged in 
a square. Each arm contains either a resistor 70 of known resistance, or a strain gauge 66 - strain 
gauges will occupy one, two or four of the arms. 

Taking the case of one strain gauge 66 in the Wheatstone bridge, a so called quarter bridge 
arrangement, power lines are connected to opposite corners of the bridge, see A and C in Figure 
9, to provide an excitation voltage. A measurement is made across the other comers of the bridge, 
see B and D in Figure 9. If the resistance of the strain gauge changes, the current across the bridge 
will change (according to Ohms law, V=IR). This change is measured and the amount of strain 
can be determined. 

The magnitude of the strain detected in those components or assemblies is proportional to the 
magnitude of the torque in the output shaft 1 and therefore the strain gauge 66 can be calibrated 
in a similar way to the load cells 62,64 for example by using a conventional torque sensor. If 
more than one strain gauge is used it is possible to detennine the direction of the torque. 

Sensors 72 can be used to measure the relative rotational speeds and / or the relative rotational 
positions of the sets of engagement bars and the gear wheel to be engaged. This enables the 
control system to control the movement of the engagement bars such that the engagement bars 
do not crash into the dogs on gear wheels but rather engage the gear wheels by entering into the 
spaces between the dogs. This substantially reduces the amount of wear to the dogs and the 
engagement bars. The detectors can be Hall Effect sensors, optical sensors or any other suitable 
type of sensor for determining the rotational speed or position of a body. 

Rather than using a throttle pots mechanism 24 for controlling the speed of the engine, an engine 
control unit 74 can be used to prevent certain pistons from firing and thereby reducing the output 
of the engine. 

The sensors 70,72 for detecting the positions and / or rotational speeds of the sets of engagement 
bars the gear wheels can be used in conjunction with the engine control unit 74 to prevent a 
piston, or a plurality of pistons, from firing at Hie time when the engagement bars engage the dogs 
on the side of a gear wheel. This momentarily reduces the amount of torque in the transmission 
at the instant when the engagement bars contact the dogs and thereby reduces the effect of torque 
spikes in the transmission. The torque in the transmission at that instant is then largely be due to 
the inertia of the transmission components. The timing of the misfiring of a piston is accurately 



WO 2005/005868 



PCT/GB2004/002946 



21 

controlled by the computer processor 20 in response to position and / or speed measurements 
made by the sensors 70,74. 

Optionally, the control system can include a traction control mechanism (not shown) to prevent 
wheel spin. 

The keyways 41 can be arranged to have dovetailed profiles such that the bars are radially 
restrained within the keyways (see Figure 10). Alternatively, the keyways can have a slotted or 
T-shaped profile to radially restrain the bars. This provides a significant advantage since it 
obviates the need for the first and second connector rings 37,39 to connect the bars together in 
the first and second bar sets. This arrangement is preferred since it provides an improved means 
of restraining the radial position of the bars 28,30 relative to the output shaft 1 , leading to greater 
structural integrity of the transmission system. Since the connector rings 37,39 are no longer 
required it is possible to reduce the length of the engagement bars 28,30 thereby producing more 
compact transmission systems. The alternative keyways can be formed in the output shaft 1 or 
can be formed in a separate component from the output shaft which is then fixedly attached to the 
output shaft, for example by using a splined arrangement 

Furthermore, it allows embodiments of the invention to be used having only one disc spring 147 
(see Figure 3 1) connecting all six bars together, i.e. bars from the first and second sets, with the 
actuator arrangement being adapted accordingly. In use, three of the bars would be loaded when 
the first gear is accelerating and three not loaded, and moving the fork to bias the disc spring 
towards the second gear will move the three unloaded bars out of engagement with the first gear 
wheel, leaving three bars still in engagement. Once the bars have engaged with the second gear 
wheel, the remaining three bars will disengage from the first gear wheel, and under the loading 
of the disc spring move into engagement with the second gear wheel. This configuration provides 
a highly compact arrangement leading to smaller, lighter gearboxes. 

The axial space between the first and second gears to accommodate the selector assembly may 
be reduced to around 20mm for typical road car applications. 

Figure 5a shows a recesses 28c in the top of each bar of the first bar set and a recess 30c in the 
top of a bar from the second bar set. The recesses 28c,30c allow connections to be made between 
the bars of the first and second bar sets 27,29 with the arms of the first and second disc springs 
47,49 respectively. The shape of the recesses 28c,30c is such that the recesses allow each spring 
arm to move to a non-perpendicular angle relative to the bars 28,30 during a gear-shift. The 
recesses 28c,30c shown in Figure 5a are for a two disc spring configuration. For embodiments 
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having only one disc spring 147 the recesses 28c,30c are located more centrally along the length 
of thebars 28,30. 

When a ring is not used to fix the positions of the bars in a set, the bars in a set can move a small 
amount relative to each other in the axial direction. This is because the only connection between 
the bars in a set is provided by a deformable disc spring. A single bar is attached to each disc 
spring arm and each arm can deform independently of the others, thereby allowing the relative 
movement between the bars. The bars in a set will nevertheless essentially move in unison. 

The number of dogs on each of the gear wheels is not limited to three, for example any 
practicable number of dogs can be used. It has been found that two to eight dogs are suitable for 
most applications. Similarly, the number of bars in a bar set can be any practicable number but 
most preferably the number of bars in a set equals the number of dogs in a group. 

It will also be appreciated by the skilled person that the transmission system can be adapted such 
that the selector assembly and the first and second gear wheels are mounted on the input shaft and 
the fixed gear wheels are mounted on the output shaft. 

The transmission system can be used in any vehicle for example, road cars, racing cars, lorries, 
motorcycles, bicycles, earth removal vehicles such as bulldozers, cranes, military vehicles, 
aircraft such as aeroplanes and helicopters, watercraft such as boats, ships and hovercrafts. The 
system can also be used in any machine that has first and second rotatable bodies wherein drive 
is to be transmitted from one of the rotatabl e bodies to the other, for exampl e in lathes and milling 
machines. 
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Claims 

1 . A transmission having a plurality of gear ratios, selector means for selectively engaging 
the gear ratios, clutch means for selectively transmitting drive from a drive source to the 
transmission, and a control system for controlling a clutch torque limit, said control system being 
constructed and arranged to automatically adjust the clutch torque limit value before the selector 
means selects an unengaged gear ratio, to allow relative rotational movement between input and 
output sides of the clutch if the torque exceeds the predetermined value when the unengaged gear 
ratio is engaged by the selector means. 

2 . A transmission according to claim 1 , including a s ensor arranged to detect the operational 
status of the clutch means and an actuator for controlling the clutch torque limit, such that, in use, 
the actuator reduces clutch torque limit until the sensor detects a predetermined operational status 
before selecting an unengaged gear ratio. 

3 . A transmission according to claim 1 or 2, wherein the clutch means is arranged to increase 
the clutch torque limit when the new gear ratio has been selected. 

4. A transmission according to any one of the preceding claims, wherein control system is 
arranged to reduce the clutch torque limit until the input and output sides of the clutch slip before 
the selector means selects an unengaged gear ratio. 

5. A transmission according to claim 4, including sensor means arranged to detect slip 
between the input and output sides of the clutch, and wherein the actuator for controlling the 
clutch torque limit reduces the clutch torque limit until the sensor means detects slip between the 
input and output sides of the clutch before selecting an unengaged gear ratio. 

6. A transmission according to claim 4 or 5, wherein the clutch means is arranged to increase 
the clutch torque limit when the new gear ratio has been selected. 

7. A transmission according to any one of the preceding claims, including means for 
controlling the speed and torque of the drive source. 
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8. A transmission according to claim 7, wherein the means for controlling the speed and 
torque of the drive source is an engine control unit arranged to adjust engine output when the 
selector assembly engages the new gear ratio. 

9. A transmission according to claim 7 or 8, wherein the means for controlling the speed and 
torque of the drive source is arranged to increase or decrease the speed and torque of the drive 
source to control output torque of the transmission when a new gear ratio is selected. 

10. A transmission according to any one ofthe preceding claims, including means for sensing 
the position of the selector means within the transmission. 

11. A transmission according to any one ofthe preceding claims, including means for sensing 
the relative rotational positions of a gear wheel and the selector means and means for controlling 
engagement ofthe gear wheel by the selector means according to the sensed rotational positions. 

12. A transmission according to any one of the preceding claims, wherein the clutch means 
is one of a clutch, a torque converter, or a torque converter in combination with a clutch. 

13. A transmission according to any one of the preceding claims, including means for 
measuring or estimating and recording the torque in the transmission before an unengaged gear 
ratio is selected and means for estimating the torque in the transmission after the new gear ratio 
has been selected. 

14. A transmission according to any one of the preceding claims, including means to predict 
a target torque at the completion ofthe shift control sequence and approach that torque level at 
a predetermined gradient until the target torque is met and the clutch and throttle conditions are 
reset to the conditions prior to the instigation of the shift. 

15. A transmission according to any one ofthe preceding claims, wherein the clutch is 
restored to the condition prior to instigation ofthe shift before the final target torque is met and 
the throttle control alone is used to reach the target torque from that time on. 

16. A transmission according to any one ofthe preceding claims, wherein the control system 
includes means for measuring deformation caused by torque in the transmission in at least one 
static component or assembly that is deformed due to torque in the transmission, and means for 
controlling the torque in the fransmission, wherein the control system is arranged to measure 
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deformation and to adjust the torque in the transmission according to the measured deformation 
and a known relationship between the gear ratios. 

17. A transmission according to claim 16, wherein the known relationship is substantially 
linear and values corresponding to the measured deformation are adjusted by a scaling factor. 

18. A transmission according to claim 16 or 17, wherein the control system is arranged to 
control the rate of change of torque in the transmission in accordance with the deformation 
measured. 

19. A transmission according to anyone of claims 16 to 18, wherein the means for controlling 
torque in the transmission includes clutch means. 

20. A'transmission according to any one of claims 1 6 to 1 9, wherein the means for controlling 
torque in the transmission includes means for controlling the speed of a drive source. 

21. A transmission according to any one of claims 16 to 20, wherein the control system 
includes means for calculating the magnitude of torque in the transmission system. 

22. A transmission according to any one of claims 1 6 to 2 1 , wherein the means for measuring 
deformation includes at least one load cell, and preferably a plurality of load cells 

23 . A transmission according to any one of claims 1 6 to 22, wherein the means for measuring 
deformation includes at least one strain gauge. 
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